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CHAPTER I 

THE NORMAL STRUCTURE AND MOVEiMEN're OF 

ARTERIES 

STRUCTURE : PULSATILE MOVEMENT ; TONE AND 

HYPERTONUS. 

Although it is fully recognised that the nutriti<ni of the 
body as a whole, and the vigour of its conij)ouent parts and 
organs, depend upon the blood supply, clinical attention is 
almost wholly directed to the condition of the blood itself — 
to the enumeration of its corpuscles and tlie estimation of its 
haemoglobin richness. The condition of the channels by which 
the blood reaches the various organs receives but scant con- 
sideration, although it is only necessary to mention the neglect 
to make it apparent that such neglect cannot Ik? wise. Our 
purpose in these pages is to direct attention to the important 
part taken by the blood vessels in the i>roduction of clinical 
phenomena, varying in intensity from trifling indisjx>sition U) 
severe illness in which life is seriously and (jften immediately 
threatened. The subject is very wide, and no attemj>t will 
be made to cover the whole field. Onlv those amditions 
will be dealt with which are fundamental and sjiecially 
iUustrative. 

As a preliminary to our investigation, it is necessary to 
recall the anatomical structure and nervous relations of the 
blood vessels. 

Arteries consist of three c'Xit.s : the external cifni, or 
tunica adventUia, is fonxie^l of connective tissue in whicli 
there are nerves, lymphati^:us, va.«^/-va«^jrum, and in a^lditiori 
a considerable layer of ela.«tic fibres next the jhc^Uh, not 
commonly descriWl : the middle f/fni, or tunlrM wf.dm^ is 
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PULSATILE MOVEMENT, TONE, AND HYPERTONUS 

formed of unstripecl muscle fibres, which run transversely and 
thus surround the vessel ; the internal coat, or tunica iiUima, 
is formed of a layer of polygonal endothelial cells with a fine 
line of sub-endothelial connective tissue underlying them. 
In some of the arteries there is an elastic lamina between 
the internal and middle coats, and another l)etween the middle 
and external coats. These are known resj^ectively as the 
internal and e^iernal elasiic laminw ; they are by no means con- 
stantly present, and often only the internal one is represented. 
In the large arteries the middle coat is made up to a great 
extent of elastic fibres. 

The arteries are supplied with nerves, which connect them 
with the vasomotor centre in the medulla. 

The muscular tunic of arteries has, like muscle everywhere 
else, what is known as tone or tonus. This is a sustained 
measure of contraction of its individual fibres, which may be 
increased or diminished. It is commonly taught that it is 
regulated by nervous influences conveyed through the sym- 
pathetic, the constrictor fibres of which when stimulated lead 
to an increase of tone, or even to a distinct degree of abnormal 
arterial contraction ; while the withdrawal of sympathetic 
action leads to lowering of normal tone, or to a definite 
relaxation of the arterial wall. 

While the tone of arteries can be thus controlled by the 
sympathetic, there is the authority of Leonard HiU for the 
observation that it is soon restored after section of the vaso- 
motor nerves. The tone under such circumstances is regarde<l 
by him as being then maintained by the blood- pressure. . It 
will be subsequently shown that another factor has to be 
taken into consideration when tone is lowered or increa8ed> 
as it is in the disorders which come under the notice of the 
physician. 

In considering the mov-ements of arteries, it is to be noted 
that they have firstly a pulsatile moYement — probably a 
rhythmical response to the rliythmiad flow of the blood, 
corresponding with ventricular systole and diastole. It is 
probably not merely the stretching and contraction of an 
elastic tube by a wave passing along its contained fluid, but 
the same kind of unceasing rliythmic movement the heart 
possesses. However that may be, it is important to diveet 
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PULSATILE MOVEMENT, TONE, AND HYPERTONUS 

our minds of the current notion that the arteries are a mere 
system of elastic tubes. 

In addition to the pulsatile movement, there is a further 
movement, which is allied to tone, and yet is such an 
abnormal exaggeration of it that the terms contraction, con- 
strictiony and spasjn have all been applied to it. Although 
occasionally recognised, it has been to a great extent ignored 
in clinical medicine, and its significance has, as an inevitable 
consequence, been overlooked. The thought of " blood- 
pressure " has j)08sessed the field, to the practical exclusion 
of the arterial wall. 

The accentuation of this normal movement is of great 
clinical significance, and as it varies within wide limits it is 
desirable to have words or terms to express the differences. 
The normal degree of tonicity varies, and it varies under 
conditions which are to be regarded as normal. It is there- 
fore impossible to do more than have a somewhat empirical 
nomenclature to define its variations. What is of practical 
importance is to know that the tonicity does thus vary ; 
to be able to recognise differences when they are present, 
and to understand that such variations are no mere chance 
phenomena without cause or significance. The normal tonicity 
or tone is to be noted in the soft vessel of perfect health. 
This tonicity is increased under physiological conditions, as 
during digestion and during physical effort. This is a 
physiological hypertonas ; no other term expresses the 
fact : it is an increase of a normal state due to an increase 
in the intensity of normal stimuli. The term hypertonus 
has sometimes been objected to since I introduced it in this 
connection, but a word was required that would carry the 
idea which has been indicated. When the hypertonus occurs 
in an artery the increased measure of contraction of the 
muscular coat, which is necessarily implied, means that the 
wall of the vessel becomes somewhat thicker, that its dia- 
meter is somewhat reduced, and its lumen correspondingly 
diminished. The degree of contraction may exceed the limits 
of normal variation, and when it does so the term hypertonic 
contraction, or merely arterial contraction y will be used here. 
The word contrcu^ion has such a variety of meaning in 
medicine, and so commonly means a narrowed orifice or a 
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PULSATILE MOVEMENT, TONE, AND HYPERTONUS 

strictly limited conRtriction in a tube, that it requires the 
adjective hypertonic to indicate an effect whicli is wider and 
more generalised through the arteiial system. The term 
hifpertoiiie contraction will therefore be used to indicate 
this greater degiee of arterial constriction. There is yet 
another condition, differing from the preceding in being 
a localised constriction. In the two preceding conditions, the 
"hypertonus" and the "hypertonic contraction," the contrac- 
tion affects the whole systemic system. In the third con- 
dition the arterial constriction is localised, and may be so 
extreme in degree as to greatly diminish or completely shut oflF 
the blood flow in the affected vessels ; to this condition the tenn 
arterial sjiasni is most suitably applied, and will be confined in 
these pages. It will from this be realised that the morbid is 
but an exaggeration or an intensification of the normal process. 
The reverse of hypertonus is loss or diminution of tone. 

REFERENCE. 
Leonard Hill, Schiifer's Physiolofjf/y 1900, vol. ii. p. 138. 



CHAPTER II 

BLOOD-PRESSURE AND ITS RELATION TO VESSEL 
CONTRACTION AND HEART rO.WP:R 

During the past few years greatly increased interest has 
been taken in the important subject of blood-pressure, and 
in the means of clinically measuring it. It is therefore 
necessary to consider certain questions which have risen up 
around these, especially those which are of clinical importance. 
In no department of practical medicine is correct knowledge 
so essential for the satisfactory translation of mental 
conception into practical understanding and therapeutic 
application, and in this chapter I shall endeavour to make 
this evident. 

Blood-pressure is determined by several factors: first, 
by the driving power of the left ventricle ; second, by the 
channels in which tlie blood flows ; and third, by the condition 
of the flowing blood. The 8econ<l of these may be sub- 
divided ; but for the present it is important to reiilise that 
these embrace all the factors, and are the only factors which 
determine the measure of the blood-pressure. 

The blood-pressure is, of course, the pressure exercised by 
the flowing blood inside the vessels. Physiologists meiisure 
it by means of a cannula introduced into a vessel, and com- 
municating with a manometer outside it. In this way 
an accurate record is obtained of the ])ressure in the left 
chambers of the lieart, in the great arteries, and in the great 
veins where they empty their blood into the right auricle. 
Observations of this nature are made on healthy animals. 

Certain of the observations made on such a system of 
tubes a« is provided by the vessels fall within what we may 
call the ordinary laws of i>hysics ; others of them are the 
result of the whole circuit, con^;isting of living structures, 
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BLOODPRESSURE AND VESSEL CONTRACTION 

being influenced and played upon both by a nervous system, 
and by the flowing blood itself, which is in constant contact 
with it. 

Some of the physical facts are as follows. Starting from 
the left ventricle, the blood-pressure is highest in the aorta, 
and falls gradually towards the capillaries, which* may be 
regarded as the periphery. This is true of the flow of any 
kind of fluid through a system of tubes. The fall in 
pressure, as the periphery is approached, is the result of 
friction between the flowing fluid and the wall of the tubes. 
A thick fluid flows less readily than a thin fluid ; in small 
tubes the obstruction is greater than in large onea 

In the circulation, as it is seen in living animals, vital 
processes have to be considered, for they often determine 
physical changes. It is of great importance to separate these 
two sets of phenomena when circulatory disturbances are 
considered. To illustrate this, we may suppose that, as the 
result of vital influences, the vessels in a considerable area 
become contracted, and the circulation through them thereby 
impeded ; the blood-pressure in the vessels above the area of 
constriction is raised as a necessary consequence. This takes 
place in an artificial sclieme formed of i-ubber tubes as 
certainly as in the living vessels. Such a raising of pressure, 
if it is sufficiently great, will travel back to the aorta ; if it is 
confined to a limited area the increased pressure will be lost 
before the aorta is reached, in virtue of the elasticity of the 
tubes. The itiean or average pressure over the whole system 
is not affected so long as the driving power of the heart 
remains undisturbed; the distribution of the 2^^^^'^^ is, 
however, altered, — where the vessels are constricted the 
pressure falls, where they are not constricted it is raised. 
The fall and the rise balance each other, and so the mean 
pressure is not altered. As has been said, the pressure in 
the aorta is often raised under the circumstances indicated, 
and it is this fact which has given rise to the dictimti that 
peripheral constHction or ohstruction raises hlood-pressiar. The 
dictum would certainly be found to occupy an honoured place 
in a "Proverbial Philosophy" of medicine, did such a 
compilation exist ; but like all such dicta, it is false as 
well as true, and it would demand considerable ingenuity to 
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BLOOD-PRESSURE AND VESSEL COxNfTRACTION 

determine which aspect predominates. In a limited sense it 
is unimpeachable, yet it has had the most unfortunate results 
in practical medicine. It has been the common answer to 
many questions, and has stopped tlie mouths of many 
inquirers and seekers after truth. 

Peripheral constriction, no matter how caused, raises blood 
pressure — but where ? Is it in the constricted vessels them- 
selves ? From much that has been written the question might 
be answered in the positive, and yet the conception is de- 
plorably misleading as a practical guide. Tlie rise of pressure 
is behind the constriction, and the physiologists measure it in 
the aorta. The pliysical law is perfectly simple when truly 
applied : if the capillaries constrict, the rise in pressure is in 
arterioles ; if the constriction includes arterioles, the raised 
pressure tells from the small arteries backwards, and so farther 
and farther back. The whole mixed conception that a con- 
stricted vessel has its blood-pressure raised has to be abandoned 
for a more accurate and infinitely more illuminating concep- 
tion of the changes which take place. 

When the raised blood-pressure reaches so far back as the 
aorta, what is its effect ? In direct proportion to the increase 
of pressure in the aorta is the increase of power required by 
the left ventricle to open the aortic cusps and to expel its 
blood. This is how the raising of pressure leads to increased 
heart effort. If the myocardium he sound it does this in 
virtue of its reserve of power, which is called out through 
the medium of the nervous mechanism. The raising of aortic 
blood-pressure is the inevitable phi/siral consequence of a 
psripheral constriction, which is a rital phenomenon, while 
the response of the heart is again a vifal ])heuomenon. '. It 
is thus seen liow essential it is to separate mechanical and 
vital factors. The response on tlie part of the heart is 
commonly represented as intended to maintain blood pressure ; 
it seems often to be thought of as maintaining the pressure 
all round. If the heart did not respond tliere would be a 
fall in aortic pressure ; but if it responds in proportion to the 
rise of pressure in the aorta, the mean is maintained, but the 
maintenance of the mean does not imply that an increased 
flow occurs in the area where the vessels are constricted. 
The conception that the heart is constantly battling to meet 
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BLOOD-PRESSURE AND VESSEL CONTRACTION 

the cry of the tissue cells for a sufficient blood supply, as a 
mother tends her young, is a very pretty conception, but is 
disproved by many morbid processes. What the heart has 
to cope with is the enemy at its gate — the mechanical 
difficulty of raised aortic pressure; and I question if the 
heart does more than overcome that. 

The circulation as a living scheme has, however, more 
than one way by which the heart can be saved from the 
strain of such a change as has been indicated. If the 
systemic system be constricted the splanchnic area may 
dilate, and thus ease aortic pressure. The heart itself has 
its regulating mechanism, so that, if the aortic pressure be 
more than it can completely overcome, an increase of residual 
blood in the ventricle leads to over-distension, which so affects 
the vagus terminals that the heart is slowed, and the blood 
is given more time to pass through the constricted vessels. 
If the splanchnic area be dilateil, as during digestion, the 
systemic vessels commonly become somewhat constricted, 
doubtless to adapt themselves to the determination of so 
large a volume of blood to the abdomen. This maintains 
aortic pressure, which might be dangerously lowered by the 
sudden influx of blood to the splanchnic area : to regard the 
condition in the systemic vessels as a raising of blood-pressure 
to provide the tissues supplied by the systemic vessels with 
sufficient pabulum, is one of the most curious of the concep- 
tions whicli adorn this subject. 

There is another aspect of the circulation which must 
be kept in view when considering the efiect which peri- 
pheral changes have upon the heart, namely, this, that when 
the flow at the periphery is diminished, from constriction of 
the vessels, blood tends to accumulate on the venous side ; 
less blood then reaches the heart, and the output of the 
heart, as is well known, is dependent in part on the amount 
wliich flows into it. It is ec^ually well known that the 
venous system can hold all the blood in the body, that, 
indeed, the splanchnic vessels themselves can do so to such 
an extent that it is said a man can be fatally bled into his 
splanchnic vessels. 

It lias therefore to be kept clearly in mind that the vital 
side of the circulation provides abundant meims for casing ott* 
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BLOOD-PRESSURE AND VESSEL CONTRACTION 

aortic pressure when it threatens to become excessive, and 
that even on a priori gi*ounds the enormous increases in so- 
called blood-pressure which are recorded, at once ought to 
arouse the suspicion that there has been something wrong in 
the method of examination, or in the interpretation of the 
records obtained. 

When systemic hypertonic contraction occurs, the radial 
arteries participate in the contraction, and tliis contraction is 
commonly regarded as " raised blood - pressure," — an error 
which owes its origin, firstly, to the ignoring of tlie fact tliat 
the arteries are contracted ; and secondly, to tlie conception 
that the rise in blood-pressure which occurs in the aorta 
means a' rise of pressure in the radials also. 

In some circumstances, whi(!h will be dealt with later, 
it can most reasonably be assumed that the general con- 
striction of vessels which occurs is for the purpose of saving 
the tissues from an impure blood ; while on the oilier hand, 
did we regard the successfully struggling heart as stimulated 
by the nutritional needs of the tissues, we sliould have to 
accept the existence of two antagonistic processes, main- 
taining an internecine strife for supremacy — the arteries 
exercising the right to protect the tissues, the heart heed- 
lessly insisting on forcing througli the ini})ure and hurtful 
blood. And yet it seems to me as if much that has been 
written on the subject, say, of granular kidney, had this 
underlying conception for its inspiration. 

The position comes to be tliis — that peripheral con- 
striction raises aortic blood-])ressure, and unless tliis can get 
relief by dilatation and an incre<ised How in another peripheral 
area, the heart requires increased })ow(;r to overcome the 
increased aortic pressure. The conception of increased 
pressure in the constricted area, to Ix; correct, woidd imply 
a heart effort of great magnitude, while all that the heart is 
really called upon to do is to empty its left ventricle eonteiits 
into the aorta, the ])ressure in wlii('b while heightened can 
be eased off and relieved in the wavs alreadv referred to. 

For the heart to suc(*essfully eoj^e with iiierease of aortic 
pressure, it has the reserve of power which has been already 
referred to. This is well and fully recognised. The exercise 
of this reserve leads in favourable conditions to heart hy])er- 
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trophy ; but it has been wisely insisted upon by Broadbent 
and others that the very existence of hypertrophy implies 
that part of the reserve has already been drawn upon, and 
therefore that the hypertrophied heart has less reserve than 
the non-hypertrophied one. In practical medicine we can go 
further than this, for it is equally well known that the reserve 
of power is often very small, and may be almost absent. In 
some instances the response to a call for even a little extra work 
may be followed by an exhaustion so extreme as to be fatal. 

The left heart, in such myocardial degenerations as cloudy 
swelling, fragmentation, fatty degeneration, acute and chronic 
interstitial carditis, not only possesses a low driving power, but 
any reserve it has is of the most flimsy character. This is 
shown by the embarrassment caused by the slightest movement, 
in extreme cases ; by the disturbances of the circulation which 
accompany gastric digestion, or any burden thrown upon, or 
any disturbance of, the alimentary tract. 

In the right heart not only do the changes just mentioned 
occur, but it is in addition the special site of fatty infiltration. 
This lowers the nonnal reserve of the right ventricle, so that 
any pulmonary difficulty or physical efifort may suddenly over- 
whelm it. 

In the normal sound animal, including man, increased 
strain calls out the reserve, and increased work is done. 
Every clinician, liowever, knows tliat the strain, to be sucr 
cessfuUy endured, depends upon the condition of the individual 
heart. It is common enougli to see persons who have over- 
taxed their hearts, in whom tlie strain has exceeded the 
reserve, with the result that dilatation occurs, and the heart 
is promptly placed on a lower energy level than it previously 
occuj)ied. In the first half or so of life, the period of greatest 
physical activity, this over-strain is rarely immediately fatal ; 
but in the second half of life the risk is greater, and as life 
advances the danger becomes more urgent. This effect of 
age upon the circulation is iniiversally recognised ; but while 
this is so it is ini])ortant to cmpliasise the fact that the 
myocardium (liifers jxreatly in individuals of the same age 
from youth onwards. This means, of course, that in different 
l)ersonH, at the same period of life, the heart reserve varies 
within wide limits, so that the general proposition that the 
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heart rises to the strain put upon it has in the individual at 
every period of life its limitations and qualifications. Seeing 
that the measure of the normal or sound state varies witli 
the individual, it follows that, while the physiological principle 
holds, the function of the physician is to estimate the power, 
and the probable resen'e of power, in the individual ; and to 
recognise the effects of over-strain, Imw^ever brought about. 
In this estimation it is necessary, indeed essential, to keep 
the two factors embraced in the problem always before us : 
the first is the work to be done, which constitutes the 
obstruction from the standpoint of the circulation ; and, 
second, the power to do the work, which is synonymous with 
the driving power, and the reserve of power, of the ventricle, 
on which the strain is mainly thrown. The problem, while 
always presenting the same ecjuation, requues that the value 
of its terms be determined in every individual instance. It is 
herein that both the difficulty and the interest of the physician's 
work lies ; and herein is one illustration of how the physician, 
while using the physiologist's work, may branch off from him. 
It has been seen how the general proposition is true, that 
when extra strain is thrown upon the heart it responds by 
extra work ; and yet how that proposition has to be modified 
and limited by clinical observation. The extra strain upon the 
heart, it may be presumed, comes as a rule through changes 
in the vessels. Any increase of resistance in the vessels, no 
matter how produced, leads to extra strain on the heart. 
Two factors may be regarded as possibly causing increased 
resistance : the first is change in the condition of tlie circu- 
lating blood. An increase in its viscosity or specific gravity 
would certainly impede its passage tlu'ough the capillaries ; 
but we have on this point little or no knowledge w^hich is of 
practical value, and seeing that fiuid so readily passes into 
and out of the blood, it is verv doubtful whether it will be 
found to be a factor of any a])j)r(H'ial)le practical iiii])ortance. 
The second factor leading to Iik -leased resistance is an 
alteration in the blood channels themselves. Any narrowing 
of their calibre is undoulitedlv a cause of resistance. That 
they do so narrow is also beyond ([uestioii, altliough the 
importance of the fact has hitherto been obscured by the one- 
sided attention and devotion to the vessels as a mere system 
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of elastic tubes. Seeing the resistance lies in the vessels 
themselves, the clinical problems with which we propose to 
deal will be considerably simplified. In the normal state this 
narrowing of the vessels calls out the necessary extra work 
from the heart needed to overcome tlie increased pressure 
which, as we have seen, occurs in the aorta ; this is the normal 
response of extra work to extra strain on the part of the 
heart. Upon our conception of what constitutes the extra 
work so brought out, much, it will be seen, depends. The 
circumstances we are at present considering are the resistance 
offered by a constricted set of vessels on the one hand, and 
a left ventricle with the ordinary amount of blood to empty 
itself of on the other. Witli these premises it follows that 
if the heart lias sufficient reserve to do this the increased 
pressure in the aorta will be maintained. If, on the other 
hand, the heart has not tlie necessary reserve the ventricle is 
not emptied by systole ; and if in any degree it fails to empty 
itself, the blood - j)re8sure in the aorta is correspondingly 
lowered. I do not think there is any other true picture of 
what takes place under the circumstances with which we are 
dealing, and which are of common and ordinary occurrence. 

We may go a step furtlier, with apparently equal safety, 
and say that in certain states of the myocardium it is incon- 
ceivable that the heart can do the extra work necessary to 
raise the blood-pressure. With the enfeebled heart of debility, 
with the degenerated heart of aniumia, how is it possible to 
have a raised blood-i)ressure in the only sense in which raised 
blood-j)ressure is of practical value to the clinician ? 

It is necessiiry to lay stress upon the contention that to 
the clinician the all-important factor in ijuestions of blood- 
pressure centres in the heart. Wlieu the vessels constrict in 
one region, the heart may bo so jjowerful that the danger is 
vessel rupture in another ; on tlie other hand, the heart may 
be so feeble that there is imminent risk of syncope. With 
incomplete conceptions of " peripheral resistance " and " blood- 
pressure " the central factor may be ol)scured. Whatever 
tends to lead away from this view of the circulation, and 
whatever metliods tend to obscure this aspect of it require to 
be employed with great caution. This matter will, however, 
bo dealt with more fully later. 
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CHAPTER 111 

DISEASES OF ARTERIES 

INTRODUCTORY : 

ATHEROMA ENDARTERITIS DEFORMANS : 

ORLITERATIVE ENDARTERITIS AORTITIS : 

CALCAREOUS INFILTRATION OF TUNICA MEDIA: 

ARTER 10- SCLEROSIS. 

INTRODUCTORY. 

The difficulty which presents itself when diseases of the 
arterial wall have to be considered is to be attributed to 
the names used to designate the conditions met with, and 
the confusion which exists between clinical observations, 
pathological teaching, and the terms used. In illustration 
of this it is only necessary to recall the fact that in Britain 
and elsewhere the term atJicroma was used to denote per- 
fectly definite pathological changes in vessels, while clinically 
it was commonly apx)lied to all thickenings of arteries 
examined for clinicjil purposes. The artery mainly examined 
was, of course, the radial artery, and the condition of it 
came to be regarded as, in great measure, an index of the 
state of other arteries throughout the body. It was, how- 
ever, known that the condition of the radial artery was 
not a certain index of the condition of the cerebral or of 
the coronary arteries — there was no invariable relationship 
— ^yet the relationship was sufficiently constant to warrant 
considerable clinical importance being laid upon changes in 
it. It is quite within the limits of accuracy to say that 
all changes in the radial artery were spoken of, and 
thought of, as atheroma ; and that atheroma w\as mentally 
pictured as a thickening with degeneration of the arterial 
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wall. In fact, the conception was that of a degenerative 
thickening. It was further universally held that atheroma 
necessarily implied a rigidity of the arterial wall, and a loss 
in its elasticity. As a result of this line of thinking, based 
upon incomplete pathological observations, thickened arteries 
were regarded as atheromatous arteries, and, as atheromatous 
arteries were rigid arteries, therefore all thickened arteries 
were rigid, — such was the common reasoning. 

Comparatively recently there was introduced from Germany 
the term arterio-sclerosiSy which has been applied by the 
Germans as widely as the term atheroma has been applied 
in this country. They, however, distinguished between a local 
or nodular and a ditluse arterio-sclerosis. As etymologic- 
ally the term means a hardening or induration of the arterial 
wall, it is applicable to nearly all forms and varieties of 
arterial disease. From this standpoint there is no fault 
to find with it, but its introduction did not help the clinical 
position, for the new term simply replaced the older one, 
without carrying any more precise pathological conception 
with it. It was rapidly attaining much the same position 
as " that blessed word Mesopotamia " had in the Highland 
woman's scheme of theology. 

In 1901, when my firet paper defiling w^ith this subject 
was published, I gave a short historical summary of the 
position, which I may include here. Twenty years ago the 
term arterio-sclerosis was so unknown to British medical 
terminology that it was not even mentioned in the two 
admirable text-books published about that time respectively 
by Bristowe and by Fagge. Going fourteen years further 
back, Dr. Noel Gueneau de Mussy wrote a historical resume 
entitled jStude CHniqur sur les Indurations des Art^res; this 
term induratian included atheroma. The term arterio- 
sclerosis is, as has l>cen said, of Gennan origin, and the 
German pathologists and clinicians certainly apply it to 
atheroma. Ziegler, after saying that sclerosis in an artery 
implies the existence of local thickening of its inner coat, 
proceeds to describe typical atheroma. At the same time, 
he did not confine the term to atheroma, for he also noted 
that the renal arteries and their branches in aged people 
are very frequently the seat of sclerotic changes, whicli may 
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simultaneously affect the arteries of other regions also, or 
be confined to the kidney. In this condition the intima 
of the arteries was notably thickened, and the lumen corre- 
spondingly narrowed or even ol)literated ; and he showed 
tliat this vascular chan<'e in the kidnev <'ave rise to a 
special form of contraction of the or<^}in, which he termed 
artcrio -sclerof ic atrojihj/. 

Of all the German work, however, tlicie can be no 
question that it was Thoma's wliich si)ecially influenced 
opinion in this country and in America. To borrow a term 
from social life, he may be said to have " set the fashion " in 
the use and interpretation of tlie term in cHnical medicine, and, 
so far as we have been able to find, pathology has not let its 
voice he heard beyond the lecture-room. Thoma's views may 
Ije briefly summarised as follows : the elasticity of the vessel 
wall becomes reduced in general diseases, acute and chronic 
infective diseases, long-continued disturbances of general 
nutrition, by many poisonous substances, and by functional 
overstraining of arteries from an increase of the heart's action. 
As a result the lumen dilates and the blood stream is retarded 
in the widened vessel. This retardation is the cause of a new 
formation of connective tissue in tlie intima of the widened 
artery. " The new formation of connective tissue in the intima 
renders the vessel wall more firm, so that it appears more 
rigid and less yielding (arterio-sclerosis, phlebo-sclerosis, 
angio-sclerosis)." In short, Thoma holds that the thickening 
of the intima is secondary to a dilatation of the vessel, and 
consequent on slowing of the blood stream ; tliat the thicken- 
ing is to compensate for the assumed widening, and to restore 
the equilibrium between lumen and contained blood which 
had been lost. By this means, he maintains, the rapidity 
of the blood flow is re-established. 

If we turn to the Frencli school we find I^ncereaux 
in 1893 writing on " L'Endarti'rite ou Arterio-sclcrose 
Generalis^e." He defines the conditions as a proliferation 
of the cells of the intima, whicli goes on to fatty degeneration 
due to failure of nutrition. Huchard mentions the fact tliat 
German authors always use the term arterio-sclerosis to signify 
atheroma of arteries, and he asks whether the terms are 
absolutely synonymous. His answer is in the negative. He 
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uses the term to designate a general condition of which 
atheroma is only one of numerous manifestations. These 
include visceral scleroses — all dominated by a primary chronic 
inflammation of the small vessels described by many authors 
as obliterative endarteritis (or endarteriolitis). Arteritis of 
the small vessels, in short, he considers the anatomical 
characteristic of arterio-sclerosis (p. 96). 

Turning to English works of recent date, it is not necessary 
to go beyond the valuable Sydem of Medicine which has been 
edited by Professor T Clifford Allbutt. Here we look for a 
true representation of contemporary medicine, and in Dr 
r. W. Mott we find an exponent of the German view of 
arterio-sclerosis and an adherent to Thoma's views which have 
already been referred to. He places the term " arterio- 
sclerosis " as the title of the section, and in the introduction 
to the subject he says that the term " is applied rather loosely 
to a thickening of the vessel wall. It includes the obvious 
naked-eye change in the large arteries, named by some authors 
atheroma ; by others, endarteritis deformans. It includes 
also arterio-capillary fibrosis, a change first described by 
Gull and Sutton in the walls of the small vessels, which only 
becomes obvious on microscopic examination." At page 320 
he gives as his definition of arterio-sclerosis, " a local or 
general thickening of the arterial wall with loss of elasticity, 
occasioned mainly by fibrous overgrowth of the tunica intima, 
secondary and proportional to weakening of the muscular and 
elastic elements of the media." It seems quite clear that Dr 
Mott includes atheroma under the term arterio-sclerosis, and 
he follows Thoma in asserting that the primary change in 
atheroma is to be found in a degeneration of the tunica media, 
and that the thickening of the tunica intima is secondary 
and compensatory to this. He holds with Thoma that the 
observations made by the latter on paraffin moulds of the 
aorta prove this, without ap|>arently seeing that these moulds 
may with equal justice be held to prove that the atrophy of 
the media is secondary and complementary to the hypertrophy 
of the intima. It is not my purpose at present to elaborate 
this point, but I would indeed be surprised to find that 
British pathologists held this to be the order of events in 
atheroma. 

16 



INTRODUCTORY 

Passing from this question of the inchision of atheroma in 
arterio-sclerosis, we find that Dr Mott describes a "diffuse 
arterio-scleroeis " (ji. 329) in which the changes begin in the 
small arteries and capillaries, especially those of the renal 
cortex, brain, and heart, and are fre^iuently associated with 
" nodular atheroma " of the aorta. He says that " on minute 
examination the muscle fibres of the media show hvaline 
swelling, fatty degeneration, or atrophic changes, so that the 
muscular elements are often not recognisable ; this is especially 
the case in the small arteries of the kidney, where the wall 
of the vessel may appear to consist of a homogeneous hyaline 
tissue. Sometimes the degenerated atrophied fibres of the 
media can be made out, but nothing of the elastic lamina, the 
intima being thickened and represented only by a homogeneous 
hyaline material with but few nuclei. The result of these 
widespread changes is increased resistance to flow of blood 
through the capillaries, hypertrophy of the left ventricle, 
dilatation of larger arteries from degenerative changes in 
muscular and elastic tissues of the media, slowing of the 
circulation, and compensatory proliferation of the subendo- 
tbelial layer of the inner coat" (p. 330). Here, again, 
Dr Mott strongly commits himself to Thonia's view. In 
America, Osier, Councilman, and others, have counnitted 
themselves to Thoma's views. 

From this r^snmi, which may be taken as fairly repre- 
sentative of authoritative views, it is seen that the term 
arterio-sclerosis is applied to tliree conditions — (1) To 
atheroma; (2) to a generalised endarteritis; and (3) to a 
thickening of the intima, compensatory to dilatation t)f 
vessels from weakening of their middle coat. 

This r4sum4 could not, however, be ri;garded as even 
approximately complete without reference to various views 
on the relations between granular kidney and the changes 
in the arteries and heart which accompany granular kidney. 
In fact, no exposition of arterial changes could suitably ignore 
this side of the question. 

George Johnson (1850-1873) was the first to show that 

thickening of the muscle coat of the arteries occurred in 

granular kidney, and he held that the changes in the heart 

and vessels were secondary to primary kidney changes. Gull 
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and Sutton (1872-1877) propounded the view that there 
occurred a generalised change or disease in the vessels, to 
which they gave the name, " arterio-capillary fibrosis." The 
changes in tlie kidney were regarded as secondary to this 
vessel fibrosis. Dickinson (1875) held that a growth of 
fibrous tissue in the kidney was the primary change and that 
the changes in the vessels were secondary to this. Eosenstein 
(1881) agreed with Johnson as to the thickening of the 
muscular coat of the arteries, but thought that the thickening 
of the intima was inflammatory. Ewald (1881) held that 
there were two forms of changes in the vessels connected with 
Bright's disease — first, that in which the kidney was affected 
primarily and was followed by hy})ertrophy of the heart and 
of the muscle coat of the arteries ; and, second, that in which 
disease of the general vascular system was the starting-point 
of the kidney disease. In this latter there was arterio- 
capillary fibrosis, both in the kidney vessels and in the general 
vascular system. He thought that it was a question whether 
such cases should be called " liright's disease " or not. 
Dreschfeld and Mahomed (1881) held practically the same 
view as Ewald, the latter holding in addition that there might 
be cardio-vascular changes without necessarily renal changes 
being present in all. Dr. Samuel West carried the discussion 
down to 1906, and discourses on the old theme as to whether 
the kidney lesion or the arterial cliange is the first to appear. 
He enters a protest against gi*anular kidney being considered 
partly under vessels and partly under kidney. 

Having thus outlined the state of opinion and belief, we 
may now turn to the consideration of the pathological 
changes occurring in arteries which are of practical import- 
ance to the clinician ; and I shall deal with tliese in the 
following order: — 

1. Atheroma — endarteritis deformans. 

2. Obliterative endarteritis — acute aortitis. 

3. Calcareous infiltration of the tunica media. 

4. Arterio-sclerosis. 

I adopt this order, as the firet three conditions have 
been long known and taught in this country, while the 
fourth is practically a new entity, and the one which is 
mainly treated of in this l)ook. I adopt and annex the 
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Fic. 4.— AtljcroiiialuLiaiiilny ( x 16). I, tliieltPucd end stiicro- 
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n; B. rcceiit blood clot. 
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term " arterio-sclerosis," as it is already in use, and as it 
is undesirable to multiply terms. To my mind it is quite 
reasonable to give a new term a limited application while 
declining to ac(]uie.sce in its dis])l{icing older and more definite 
terms. 



ATHEROMA AND ENDARTERITIS DEFORMANS. 

Atheroma is a focal or patchy affection of arteries. It 
is characterised by a local thickening and degenemtion of 
the tunica intinia. The thickening consists of a hyperplasia 
of the subendothelial connective tissue. It is, however, 
early associated with an atheromatous degeneration in parts 
of this thickened intima. The atheromatous change is a 
fatty degeneration, commonly most marked in the deeper 
part of the thickened tunic. The atheromatous material 
may become the seat of more or less calcareous deposition. 
At the part corresponding to these changes the tunica 
media is thinned and atrophied, or may even show areas 
of necrosis in the large arteries, as demonstrated by Cowan 
and others. When these changes are still further advanced 
and are present in the large arteries, they lead to so 
much deformity that the term endartcritu deformans was 
applied to them by the older pathologists. In the large 
arteries, in addition to the changes mentioned, there may be 
found atheromatous cysts, atheromatous idcers, calcareous plates 
(the result of calcareous deposition in extensive atheromatous 
areas), and local sacculations or bulgings, the result of 
yielding of parts of the arterial wall before the blood- 
pressure following upon the atroj)hy or even destruction 
of the tunica media. The changes may be so extreme, 
and may so attect the arch of the aorta for instance, 
that it may be much dilated, a state of matters to which 
the term aiuurinmal dilafxition is applied. Similar changes 
affecting a localised area of the aorta give rise to a 
definite aneurism. 

It is however as atheroma affects smaller vessels that we 
are specially concerned here ; so it requires somewhat more 
consideration. The condition is very common in the cerebral 
and in the coronary arteries, but is comparatively rare in the 
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radials. Wherever it is present it may give rise to local 
bulging of the vessel wall, but such bulgings do not necessarily 
imply a yielding of the wall. The walls at the affected points 
are usually much thickened and the lumen is often greatly 
encroached upon, lessening in a very inii)ortant degree the 
blood channel. The thickening never uniformly affects the 
whole circumference of the vessel ; it is always asymmetrical ; 
it only affects small areas ; it never uniformly affects long 
stretches of an artery, although tliere may be many areas 
closely placed to one another. It thus differs entirely from 
the condition to be described as arterio-sclerosis. 

Etiology of Atheroma. — Atheroma is thus a focal 
affection of the arterial wall, affecting separate and limited 
areas. The changes indic>ate, not only points or areas of 
irritation, but an irritation associated with degeneration, and 
it is this association which cliaracterises atheroma. The 
combination is what we expect to find produced by a micro- 
organismal cause. The theory that the degeneration is the 
result of impaired nutrition, due to obliteration of vasa 
vasorum, is ([uite untenable, for the following reasons, namely, 
that the degeneration often appears early when there is but 
slight thickening of the intima ; the vasa vasorum may not 
be obliterated ; and in obliterative endarteritis no such 
degeneration occura, although the intima may be much 
thicker and the vasa vasorum be markedly affected. Dr. John 
Cowan of (ilasgow has made some interesting researches, from 
which he contends that atheroma may apjmrently be due to 
a number of conditions in which micro-organismal infection 
of the arterial wall is probable. Now that attention has 
been directed to this subject, I may siiy tliat I think it 
probable that atheroma may ultimately be found to belong 
to the enlarging series of affections having as their immediate 
cause a micro-organismal implantation. 

The typical and classical changes present in atheroma are 
seen in Figs. 3 and 4. 

In Figs. 5, 6, and 7, atheroma gone on to advanced calcareous 
infiltration is shown, the figures being taken from sections of 
radial arteries which to the finger were recognised as hard, 
rigid, and calc^ireous during life. In all these arteries a 
certain amount of fairly sound muscular tissue has persisted, 
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Fio. 6. — Athoromatoua and calisareniia radial artery ( x 15). 
C, atheroTDS toils and cukursous ; C, media c&loareoliB ; 
M, hjrertrophitd media ; A, tunic* advpntitia. 
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Tia. 6.— Cilcareoiis radial aiUrj < >< 15). C, tht calcareous 
tunica iutima; M, porlious if thick timiea media. 




OBLITERATIVE ENDARTERmS 

while in Fig. 5 it should be noted that nearly one-half of 
the circumference of the artery shows, not only an und^ener- 
ate, but a hypertropliied muscular coat. This anatomical 
fact is of chnical impf»rtance, as will l>e shown in a later 
chapter. 

OBUTERATIVE ENDARTERITIS AND ACUTE AORTITIS. 

The description of obliterative endarteritis, as it occurs in 
smaller arteries, is usually taken from the syphilitic affection 
found in the brain. The affection there is usually nodular, 
in the sense that it affects a limiteil bit of vessel, leading to 
such thickening that a considerable node or nodule is formed. 
The minute change is a thickening of the tunica intima, the 
thickening being the result of a hyj)erplasia of it« cells. 
It differs, however, from the intinial thickening in atheroma 
in involving the intima somewhat uniformly, right round the 
vessel, and in showing no degeneration. The hyi)erplasia 
which leads to the thickening is progressive, and in its 
progress encroaches upon the lumen of the vessel, which is 
reduced to a minute size, or is entirely occluded. When an 
artery is examined in the acute stage a considerable amount 
of small-celled infiltration is present in all three coats. 
These changes in cerebral vessels are regarded as always 
syphilitic. Corresponding anatomical changes occur in the 
arteries of the kidney in arterio-sclerotic atrophy, and in 
chronic interstitial nephritis : they are also met with in tlie 
lungs in fibrosis, and in the neighbourhood of scirrhus 
cancer. In these latter a small-celled infiltration of the 
coats of the vessel does not occur, but the tliickening of the 
intima goes on to complete obliteration of the vessel. A 
corresponding anatomical change also occurs in the smaller 
nutrient arteries in the brain. In none of these — e8i)ecially in 
the lungs, kidneys, and of course in cancer — is the change 
regarded as of 8yj)hilitic origin. I shall again refer to 
these changes, as they are seen in the kidneys, un<ler Arterio- 
sclerosis. 

In the aorta an acute aortitis occurs, giving rise to grey, 
raised, almost gelatinous - like areas, which on minute 
examination show hyperplastic thickening of the tunica intima 
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and areas of small-celled infiltration in all three coats. Thii 
condition, which anatomically entirely corresponds with tin 
obliterative endarteritis of the smaller syphilitic arteries, I hav< 
always regarded as of syphilitic origin. 

The condition, as it occurs in the cerebral arteries, ii 
represented in Fig. 8. 

CALCAREOUS INFILTRATION OF THE TUNICA MEDIA. 

Clinically, calcareous infiltration of the tunica media ii 
indistinguishable from calcareous infiltration of the thickener 
intima in atheroma. In fact, in advanced calcareous infiltra 
tion, it is by no means always easy to determine liow mud 
of it is intimal and how mucli medial. This is owing to the 
fact that when it is intimal there is so little of the medii 
left that the doubt arises whether it is not the media itsel: 
which is infiltrated. The position of the elastic lamina ofter 
effectively helps in this determination. The change is one 
which does not require fuller consideration here. In Figs. 5 
6, and 7, the media is more or less involved in the calcareous 
infiltration. 

ARTERIO-SCLEROSIS. 

In 1901, in a paper read before the Edinburgh Medico- 
Chirurgical Society, 1 submitted the results of the examinatior 
of the radial and other arteries, taken from sixteen cases whicl 
had been under my aire, and in which there had been markec 
thickening of the radial arteries during life. Since that time 
I have examined many additional cases, but they have onl) 
confirmed my previous observations, that tlie changes were 
totally different from those in atheroma, and strengtheneii 
the opinion I then expressed, that as the term arterio-sclerosij 
was in common use it ought to be retained, but its application 
confined to the changes wliich I then showed to be present. 

The changes may be defined roughly, as great thickenhic] 
of the wall of the artery, with diminution in tlie size of it? 
lumen. 

The changes which led to the thickening, when examinee 
in detail, were seen to consist of — (1) a marked thickening ol 
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Flo. 8. — Ob lite mti Fit endarterilis of syphilitic origin ( x 16). A, tunica 
■drcutitit ; M, tanioa mciliiL ; I, gre&tly tliickentd tunica iutimo. 
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timicii media, due to a hypertrophy of its muaelo fibres; 
(2) a thickening of the tunica intiina, due to a hyperplasia 
of its subendothelial connective tissue, without iitheromatoua 
degeneration; (3) in some instances fibrous hyperplasia and 
thickening of the tunica adventitia. 

The musculiiv coat might show some degeneration, but 
the prevalent notion that in such thickened vessels tha 
muscle of the middle cost was replaced by fibrous tissue, 
and 80 the seat of fibroid degeneration, was fonnil to be 
entirely erroneous. 

Thrae changes were not confined to limited areas of vessel 
1, as in atheroma, but affected uniformly the whole length 
the radial. They were found to lie distributed througli- 
out the hotly, the coronary and renal arteries, for instance, 
showing corresponding changes. The changes are shown in 
Figs. 9, 10, 11. 12, and 13. In Fig. 9 great thickening of 
the artery is shown, ami is seen to be due to hypertrophy of 
the tuuica media and some hyperplasia of the tunica intima. 
Fig. 10, a section of the kidney from the same case, shows, in 
the centre of tlie field, an artery with a. umcli diminished 
lumen due to fibrous hyperplasia of the tunica intima, while 
the tunica media is atrophied ; at a there is an occluded 
,jwtenoIe, 

Fig. 1 1 shows a small thickened radial artery, which was 
iiatently small and hard during life. The thickening here 
partly a hypertonic contraction, and in part, I think, the 
lult of a hyperplasia of the adventitia. Fig 12, a section 
the kidney from the same case, shows two arteries with 
lir lumen encroached upon by hyi)erplasia of the tunica 
itima, while the tunica media is atrophied. Fig. 13 is a 
ition of the trunk of one of the coronary arteries, showing 
srtrophy of the media and hyperplasia of the intima. 
:e, as is sometimes found, theie is also some atheromatous 
leration in the intima. 
The changes were often present when there was practically 
atheroma in the iwjrta or the large arteries. They were, 
'ever, sometimes associated with atheroma of the aorta; 
rhile atheroma of the cerebral arteries is so common in later life, 
,t it, 80 far as my obaei'vations go, often accompanies arterio- 
eleewhere. 
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DISEASES OF ARTERIES 

The changes j)resent in the kidneys are of great interest, 
for they seem to me to explain the confusion which still 
exists in relation to vessel and kidney changes in " granular 
kidney." The changes in the renal artery outside the kidney 
are as I have already described ; while the changes in its 
branches inside the kidney show a very important modifica- 
tion of, or divergence from, that description. I found that, 
inside the kidney, the arteries showed very marked fibrous 
hyperplasia of their internal coat, going on to complete 
occlusion of the vessel; that the muscular coat as a rule 
atrophied and might practically disappear as the tunica 
intima thickened ; and that the external coat seemed to 
become denser from a proliferation of its fibrous tissue. As 
a result of these changes the transverse section of an artery, 
when occlusion was complete, showed like a fibrous globe, 
which might be indistinguishable from a fibroid glomerulus. 
The fibrous tissue might be of the hyaline variety with few 
nuclei ; and the change has consequently been sometimes re- 
ferred to as hyaline degeneration. A con'e8i)onding change 
occurs in the nutrient arteries of the brain, and possibly in 
other organs, which I have not, however, examined. Were 
this intimal thickening compensatory, in the sense that 
Thoma and his followers apply the term, it would cease 
with the establishment of equilibrium. This, however, does 
not happen, the change going on to vessel occlusion. 

The changes in the kidney vessels have been much 
studied, and I have given a summary of the leading views 
propounded on the relations between the renal and vessel 
changes. It aj^pears to me to be clear that error arose 
by applying the changes found in the arteries inside the 
kidney to all the arteries in the body. The first observer 
who recognised the true nature of the change in the tunic^i 
media of the systemic arteries was Dr. George Johnstone, 
who named it muscular hypertrophy, the reverse of the 
condition which occurred in the kidney ; while Gull and 
Sutton, looking at the intimal changes and at the kidney 
changes together, introduced the term art erio-capiHary fibrosis. 
These observers made the mistake of applying their observa- 
tions on the kidney to the vessels generally. The result 
was, that in time tlie idea of a diffuse arterio-capillary fibrosis 
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CONCLUSION 

80 dominated the medical imagination, that the thick arteries 
of chronic kidney disease were, as has already Been mentioned, 
thought of as fibroid, if not as atheromatous ; and if fibroid 
of course hard and rigid ! The logic was sound, but 
unfortunately for truth the premises were wrong. To this 
sound logic with the faulty premises might, I think, be traced 
not a few of the prevailing misconceptions regarding 
circulatory phenomena ; but, attractive as this question is, 
I do not propose entering upon it here. 

It is necessary to revert to Johnstone's observations on 
hypertrophy of the muscular coat, for Savill in 1897 revived 
this on the strength of his own observations, and called the 
condition hypermyotrophy. In a later communication he 
still more fully dealt with the importance of the muscular 
coat of arteries ; but the profession lias shown no sign that 
it attached any practical significance to those observations 
or to the argument based upon them. In Savill's observa- 
tions there appears not to have been the thickening of the 
tunica intima which was usual in my cases. In only two of 
my first sixteen cases was there a pure hypermyotrophy 
in the radial artery. This point has significance, for sucli 
arteries are clinically indistinguisliable from those which have 
the intima thickened also ; and as the two conditions have 
corresponding causes I include both under the designation of 
arterio-sclerosis. 

CONCLUSION. 

The term Arterio-sclerosis would thus be applied 
clinically to all thickened vessels, other than those thickened 
by atheromatous degeneration, and would include — {a) pure 
hypermyotrophy, (h) hypermyotroi>hy with thickening of the 
internal coat, and (c) those in which the adventitia was also 
thickened. For clinical purposes what is required is the 
recognition of dittuse permanent thickening which is not 
atheroma. 

REFERKNCKS. 

ZiegieVy Lehrhuch der Alhj. Specielh'n rafholo(/isr/ieu Anaiomio, 
p. 54. Thoma, Virch, Arch,, Bd. xciii. and cxvi. ; Pathology and 
Path, Anatomy^ Eng. Trans., p. 247. Lancereaux, Arr.h, gen. de 

25 



DISEASES OF ARTERIES 

MkL^ 1893, i. pp. 5 and 164. Gueneaii de Mussy, Arch. gen. 
de MkJ.^ 1893, i. pp. 5 and 164. Huchard, Maladies du Coeur et 
des Vaisneaux, 2vme ed., Paris, 1893. ^fott, Syatem of Med, ^ edited 
by Cliirord Allbutt. Osier, JVinrip/es ami Practice of Medicine^ 
2nd edition, p. 700. (ieorge Johnson, Med.-Chir. Transactions, vols, 
XXX., xxxiii., xlii., li., and Ivi., and Trans,' Intemat, Med. Cong., 
1881. Gull and SutU^n, Mf^d.-C^nr. Transactions, vol. Iv. ; Trans. 
Path. Soc., vol. xxviii. ; Trans. Internal, Me/i, Cong,, 1881. 
Dickinson, y>weflw^« (f the Kidney, 1875. Ewald, Dreschfeld , and 
Mahomed, Discussion, Trans, Internal. Med, Cong., 1881. Samuel 
West, Granular Kidney, 1900. Savill, Brit. Med, Journ,, Jan. 23, 
1897. Nothnagel, Sf>ecidle Pafhologie und TJierapie, Bd. xv., 
Erkrankungen der Gefiisse L. v. Sch rotter. W. Kussell, " Arterial 
Hyi)ertonus and Arterio-sclerosis ; tlieir Relations and Significance," 
Lancet, June 1, 1901 : Transactions, Medico-Chirurgical Society, 
Edinhurgh, vol. xx., 1900-1901 ; Enryclopijidia Medico, vol. xiii., 
Article, "Vessels." Savill, Trans. Path, JStJc, Lond., vol. Iv., 1904. 
John M. Cowan, 71i*' Practitioner, Aug. 1905 and March 1906. 



26 



CHAPTER IV 

HYPERTONUS AND ITS CLINICAL RECOGNITION 

(a) IN NON-TIIICKENED AKTEKIES ; 
(h) IX SCLEUOSED AKTEUIES ; 
(c) IN ATHEROMATOUS AKTEKIES. 

HYPERTONUS IN NON-THICKENED ARTERIES. 

A hypertonic vessel, as has been already shown, is a vessel 
the muscular coat of which is unduly contracted. As a result 
of the contraction its diameter is reduced, its wall is thicker, 
and its lumen is smaller. Tlie vessel to the finger feels 
thicker than the perfectly normal artery, wliich is soft, thin- 
walled, and compressible. The degree of hardness varies of 
course with tlie amount of contraction. This increased 
thickness is very commonly mistakou for " sclerosis " or 
"atheroma," terms the significance of which has been already 
discussed. The tliickening or hardness is commonly a uniform 
thickness, wliich can ])e felt in the radial arteries as far as 
they can be followed up the forearm. While this is the 
common character of a hypertonic artery, as revealed to the 
sense of touch, it has not always this (characteristic. I have 
frequently noted that an artery, which turns out to be only 
hypertonically contracted, may feel as if it were made up of 
a series of thickened rings, or plates, or segments. An artery 
with these characters will almost certainly be regarded as 
atheromatous; and it is only I )y knowledge and experience 
that one Ls prevented from giving a premature o})inion, which 
may be totally wrong. I have observed these rings and 
plates to disappear rapidly under treatment directed to relieve 
vessel contraction. Thickened arteries, especially if they be 
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considerably thickened, as they may be, have come to be 
looked upon as having undergone permanent stnictui^al 
thickening, for which nothing can be done, and which do not 
therefore call for further consideration from the clinician. 

There is of course no difficulty in determining when an 
artery, such as the radial or temporal, is thickened : the finger 
trained " to feel the pulse " has no difficulty, and there need 
be no dubiety in the mind of the observer as to the accuracy 
of his observations, for it is as easy to distinguish between 
degrees of thickening in arteries as it is in rubber tubes. 
With a little practice, once attention is drawn to the matter, 
the smallest degrees of hypertonus are recognised by the 
increase in the thickness of the wall of the artery. This 
varying thickness has escaped observation, owing to so much 
attention having been given to the considemtion of blood- 
pressure or of tension. 

Thickened arteries are recognised by all physicians, and 
are, as is well known, of common occurrence ; the real diffi- 
culty arises in determining whether the wall be thick from 
liypertonic contraction, true sclerosis, or perhaps even from 
atheroma. Atheroma is of relatively rare occurrence in the 
ludial and temporal arteries ; its occurrence is confined to 
aged people, and is usually associated with areas of calcareous 
infiltration which are easily distinguished. Sclerosis is. on 
the other hand, common after middle life. Before middle 
life it is fair to assume that imiform thickening is mainly 
hypertonic, unless there be discoverable one or other of the 
two great causey of early sclerosis, namely, chronic kidney 
disease or syphilis, to which I think may be added a thml, 
namely, the use of malt and other liquors. The size of the 
vessel aids in the differentiation : an ordinary sized or a some- 
what large vessel with a thick wall is usually structurally 
thickened; a small vessel with a relatively thick wall is 
usually only hypertonic. 

Fig. 15 was taken from a section of an artery which, 
until a few days before death, was soft and untliickened. 
Some days before death it bewune definitely tiglitened up, 
and tlie figure closely corresponds with the impression made 
on the finger before death took place. 
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HYPERTONUS IN SCLEROSED VESSELS. 

The description oi chaDges in sclerosed vessels, given in 
the preceding chapter, has prepared the way for the acceptance 
of a fact of great practical moment, namely, that sclerosed 
vessels retain their power of contractility. The significance of 
the retention of this movement has heen so nnder-valued that 
it is hardly refen^ed to in the extensive literature on the 
circulation. It is therefore all the more necessary to em- 
phasise the fact tliat arteries may be the seat of permanent 
structural thickening, while they are at the same time 
hypertonically contracted. As has already been stated in a 
preceding section, the idea of sclerosed and atheromatoiLs 
arteries has hitherto carried with it the idea of rigidity. 
This is an unfortunate association, for it has led to the idea 
that thickened vessels are necessarily permanently thickened, 
that they behave in the body much as rigid tubes would 
behave, and that no remedial me^isures are available for re- 
moving such anatomical change. It is true that the structural 
changes in sclerosis are beyond therapeutic influence ; but 
the hypertonus which frequently accompanies it is well 
within the reach of such influencea When these contentions 
are accepted, it will be found that the presence of various 
symptoms lead to the diagnosis of the hypertonic factor in 
sclerosed vessels and to its ai)propriate treatment. 

Sclerosed vessels not only retain some measure of con- 
tractility, but it has seemed to me that they are abnormally 
responsive to some at least of the influences which determine 
arterial contraction. This seems to be the case particularly 
in old people. There is evidently a possible fallacy here, 
for in old people the eliminative processes are so impaired 
that the apparent increase of sensitiveness may be regarded, 
perhaps more properly, from this standpoint ; the (piick 
muscular response only indicating a more ready siituration of 
the blood with such waste substances as act on the vessels, 
the response really remaining normal. For practical pur- 
poses, it is however of great importancje to know that 
there is in most aged people this (juick and ready re- 
sponse, and, when a measure of confldence is ac(iuired 
in recognising hypertonic contraction, any dubiety that 
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may exist as to the probability of siicli a sensitiveness will 
be lost. 



HYPERTONUS AND RKLAXATION IN ATHEROMATOUS 

ARTERIES. 

As has been indicated in an earlier chapter the common 
conception of a sclerosed artery is that it is a rigid tube. This 
conce})tion, as we have shown, was borrowed from the teaching 
regarding the vessels in advanced atheroma, and it is in 
accordance with experience that the extreme example be- 
comes the standard tyi>e. This common conception is, how- 
ever, erroneous, and seriously misleading. It is vnly in 
atheroma with much Ciilcareous infiltration that the artery 
becomes practically a rigid tul)e. In my study of the arterial 
wall I have frequently been surprised to find the amount of 
relaxation that took place in a vessel that was clearly the 
seat of much calcareous infiltration. In other cases where, 
from the hooped and segmented character of the thickenings, 
there seemed little doubt that the thickenings were 
atheromatous, they could no longer be felt when the vessel 
])ecame relaxed. In this latter class of case the character of 
the artery to the sense of touch is probably due to irregular 
thickenings of the intima plus hypertonic contraction, the 
thickenings not being felt when the wall becomes soft, by the 
passing off of the hyi)ertonus, or it may be due merely to 
irregularity in the muscular coat itself. In otlier cases the 
rigid segments persist, no matter what measures be taken for 
the removal of the hypertonic contraction ; and yet in a 
considerable number of such cases it is (^uite plain to the 
finger that a measure of relaxation can be effected. That 
relaxation under such conditions occurs is due to the 
anatomical fact, that in atheroma it is rare for the entii^e 
circumference of the vessel to be aflected ; there is usually a 
ccmsiderable part of it where there is only moderate thicken- 
ing of the tunica intima ; and where the muscular coat can 
relax and contract so as to appreciably affect the condition of 
the wall. Tlie idea of the fixed and ri(jid tu])e has to be 
given up, save in extreme cases. That the recognition of 
such arterial clianges is not due to a personal delicacy of 
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touch is proved by the fact that my liospital assistants and 
others, with whom I am ])rou(^rlit iuto close association, readily 
acquire the skill, once their attention has ])een directed 
to individual cases and the sifcnificance of the phenomena 
explained to them. 

The condition of the arterial wall in advanced atheroma 
with calcareous infiltration has l)een shown in Figs. 5, G,and 7. 
Fig. 7 was taken from a patient with very stiil' vessels, 
and yet I had no doubt that these vessels tightened up a 
little and relaxed a little under treatment. 

I may here refer to two cases illustrating this point, which 
made a special impression upon me, from certain associations. 

The first case, Mrs. M., nged 49, a patient who, simid- 
taneously with attacks of angina pectoris, developed motor 
paresis, had a radial artery which felt as if composed of 
hard segments, which were regarded as atheromatous, and yet 
this character entirely disappeared, the wall becoming uni- 
formly soft, under treatment which led to relaxation of the 
arterial wall Whenever the vessel tightened up, it showed 
the same irregular thickenhig. This case is given in greater 
detail at p. 176. 

Case 1, an Irishman, aged 5C, was admitted to Ward 3, 
for alcoholism. On admission, he was so restless and 
tremulous, that it was impossible to get an absolute record of 
his arterial pressure; it seemed to be considerably above 200. 
He soon quieted down, and lie acknowledged that he had 
been drinking too much all his life, while for the last fifteen 
months his drinking was only limited by monetary barriers. 
He drank whisky and rum, and was amused at the suggestion 
that he had a preference for either, seeing lie was so apprecia- 
tive of each. His right radial artery was thick and liard and 
marked by rigid segments, sucli a vessel as my clinical 
assistant spoke of as feeling so ])rittle that it gave one the 
idea that it would crack if it were fingered roughly. The 
pressure was 190. Under eiy thiol first, and then under 
iodide of potassium and s(iuill, the vessel became larger 
and softer, and although the thickened segments were still 
l>erceptible they were not nearly so rigid, and the vessel lost 
that character which gave to it at first its brittle feel. Along 
with this change in the character of the vessel, the pressure 
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fell to 170. No one who followed the changes in this 
man's radial artery would liave had any difficulty in being 
convinced of the accuracy of these statements. Tlie effect on 

ft' 

the vessel was produced by i)hy8ical rest in bed and 
abstinence from alcohol, but mainly by the action of the 
dnigs administered. 
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CHAPTER V 

THE CAUSES OF HYPERTONIC CONTRACTION 

1. INFLUENCE OF THE NERVOUS SYSTEM. 

2. INFLUENCE OF THE COMPOSITION OR CONDITION OF THE 
BLOOD. 

3. THE LOCALISATION OF THE ACTION ON THE VESSEL 
WALL. 

4. INFLUENCE OF TOBACCO. 

Having dealt with hypertonic contractioii as it occurs in 
normal, in sclerosed, and in atheromatous arteries, we next 
proceed to consider the causes which determine this move- 
ment on the part of the arteries. Let me again repeat that 
this property separates the arteries altogether from the 
\nilgar mechanical conception wliich would make them mere 
elastic tubes. 

With regard to hypertonic contraction, the general 
proposition may be submitted, that it is caused by one or 
other of two factors : 

First — The inHuence of the nervous svstem. 

Second — The composition or condition of the blood. 

The convei'se of hypertonus is either a relaxation of 
hypertonus or a diminution in normal or average tone. 

We may now consider, in some detail, the positive aspect 
of this subject, which is the more important, wliile not for- 
getting that the negative has an importance of its own. 

THE INFLUENCE OF THE NERVOUS SYSTEM. 

Taking up firet the influence of the nervous system, it is 
universally known that the relations of the blood-vascular 
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system to the nervous system have been traced and deter- 
mined by long and careful experimental investigation. 

The investigjition of these relations has been so detailed, 
and the results have been so striking, that teachers, and 
through them students and practitioners, have almost come to 
regard the vessels as tlie toy of the nervous system, — that 
their manifestations merely mirror nervous influences. 
The effect of various emotions upon them was too apparent 
and too assertive to escape observation, or not to demand 
recognition. Tlie pith by which emotion travelled was traced, 
and the controlling power of the vasomotor centre in the 
medulla was determined. The result has been that the vaso- 
motor mechanism thus revealed has appealed so strongly to 
the medical imagination that the play or movement of the 
arteries has been thought of through the nervous system only ; 
as if they had no identity, as if they were the mere weather- 
cocks of every gust of nervous influence, the bond-slave of the 
higher system. The nervous side of tlie vasomotor mechanism 
has been regarded as supreme ; as instigating, regulating, 
controlling, and determining all vascular phenomena, even 
those attendant upon the activities and exliaustions of organs 
and tissues. Tlie names of Claude Bernard, Brown- Sequard, 
Waller, and Schif!* are " household names " in this con- 
nection. I need not dwell at length on the achievements 
of physiological investigation in this department ; they 
are well known, and I have indicated that they have not 
hitherto been underrated. Tlieir very l)rillianee has, I 
venture to think, seriously blinded us to the fact that 
physiological investigaticm lias also shown that there is 
another factor which influences and determines the move- 
ment or play of the vessel wall ; that factor being the 
composition of the circulating fluid itself. It is with this 
factor that I mainly deal in these pages, and I hope to show 
that the failure to ap])reciate aright this asj)ect of the 
circulation has prevented our understanding many things ; 
while its recognition makes many things clear. I hope to 
show that the i)revalent view is too exclusive, is incomplete, 
and correspondingly inaccurate and misleading. 
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THE INFLUENCE OF THE COMPOSITION OF THE BLOOD 

It has been long known that a number of substances used 
therapeutically act directly upon the vessel wall, — that is, 
without the medium of the nervous mechanism, leading to 
contraction or relaxation of its muscular coat. Blake claims 
to have been the first to show^ that by injecting infusion of 
digitalis into the arteries contraction resulted. This observa- 
tion was made as long ago as 1839. Kinger and Sainsbury*8 
investigations are more recent, are widely known, and may 
indeed be regarded as having determined the views regarding 
the action of digitalis w^hich w^e all hold. Their experimental 
investigations confirmed Blake^s observation ; but they further 
showed that digitalis acted independently of the nervous 
mechanism, acting directly upon the vessel wall. This was 
shown by isolating the vessels from their nerve supply. 

Donaldson and Stevens, experimenting with digitalin, 
found that it caused constriction of the arterioles, probably 
through its action on the muscular coat. They further 
showed that it acted on the capillaries as well as the 
arterioles. 

Haynes, investigating the action of the digitalis group 
upon the heart, noted that although the coronary arteries are 
not innervated (sic), squill and dii^italis cause some constriction 
of them, probably by irritant action. 

Dale, investigating tlie mode of action of ergot, has 
shown that the primary or stimulant action of this suljstance 
is a vaso-constrictor action, which is quite independent of 
the vasomotor centre. This investigation I shall have again 
to refer to. 

Experiment has further shown that if blood be mixed 
with amyl - nitrite, chloral hydrate, morphine, quinine, or 
atropine, and made to pass through the vessels of a recently 
excised organ, dilatation of its vessels takes ])lace : digitalin 
and veratrin used in the same wav cause contraction. 

Professor Halliburton, experimenting with choline, pro- 
duced by its means a temporary fall in arterial pressiu*e, 
due in part to its action on the heart, but mainly to dilata- 
tion of peripheral vessels, especially in the intestinal area. 
The action is due, he shows, to the direct action of this 

35 



THE CAUSES OF HYPERTONIC CONTIlACTIOxN 

substiince on the ueuro-muscular appamtus of the vessek, 
the same effect being produced after the influence of the 
central nervous system was removed. Neurine, on the 
other hand, causes peripheral constriction. 

From these alone it would seem as if Professor Leonard 
Hill were over-cautious in saying that "it is conceivable 
that the quaUty as well as the tension of the blood may be 
the exciting cause of vascular tone." It is quite clear that 
there is sufticient evidence to prove that the arterial and 
capillary walls can be stimulated to contract by the presence of 
substances in the blood acting directly upon them. Therefore 
the composition of the blood is moi'e than " conceivably " a 
factor in mahitaining, influencing, increasing or diminishing 
vessel tone. 

If we turn from the experimental side and inquire 
regarding the views held on the clinical side, it will be 
found that there is a great mass of belief that substances 
])resent in the blood affect blood-pressure. 

Dr. Broadbent, later known as Sir William Broadbent, 
in his masterly little book on The Pulse gives capillary 
resistance as a cause of high tension, holds that certain 
substances in small quantities cause resistance, and mentions 
digitalis, ergot, carbonic acid, nitrogenous waste, and the 
products of imperfect metal^olism as examples of such 
action. Broadbent, of course, knew that some at least of 
the su])stiinces enumerated caused contraction of arterioles 
and capillaries, and yet his words suggest to me that he 
thought of modifications in the composition of the blood as 
causing ditticulty in its passage through the capillaries 
rather than of tlie difficulty being caused by capillary or 
arteriole contraction. The conception of altered composition, 
of something added to the l)lood, rendering its flow more 
dillicult througli the peripheral vessels, is practically the 
same view as is expressed in the term " increased viscosity/* 
the view towards whicli Professor Clifford Allbutt definitely 
leans, while his philosophic mind and wide practical experi- 
ence do not allow liim to wholly a(lo])t it. 

However attractive the ide^i of increased viscosity may 
be, it is necessary to rciilise that there is no convincing 
evidence that deleterious substances, such as clinicallv may 
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be assumed to be present in the blood, so affect its viscosity 
or specific gravity as to impede its flow through the 
arterioles and capillaries. In cholera certaiidy, and probably 
in other conditions with great intestinal flux, the blood 
becomes so inspissated as to seriously impede its flow; but 
in such a condition as chronic interstitial nephritis, that 
there should be anything approaching this state is a very 
different matter. With a free supply of fluid it is difficult 
to think of the viscosity of the blood, thereby meaning its 
s})ecific gravity, being seriously modifled, seeing that fluid 
is so readily taken up and discliarged from it. 

Huchard holds that excess, and above all errors, in 
alimentation, throw toxic substances into the blood w^hich 
produce a state of spasm of the arterial system, followed by 
hyper-tension and arterio-sclerosis. 

Senator and many others hold corresponding views 
with regard to the importance of the presence of nitro- 
genous w^aste products in the blood. 

The general conception undoubtedly is that ** nitrogenous 
wast-e, and the products of imperfect metabolism," to rei>eat 
Broadbent's words, when present in the blood, raise blood- 
pressure. It is not necessary to elaborate this point 
further ; the literature of kidney diseiise, and more recently 
of bloo<l-pres8ure, is full of it, not to go further afield for 
examples. The explanation of the raised blood-pressure has 
usually l)een referred to increased peripheral resistance, an<l 
there the matter has as a rule been left : although, as has 
l)een said, critical and accomplished pliysicians like Broadbent 
and AUbutt have seen that this term in the equation 
wants determining, while to others tlie phiase in itself 
has been all-satisfying. 

My contention is that certain substances present in 
the blood, even in small quantity, cause arterial and 
capillary contraction. This is the fundamental fact, and 
will be found to be the first step in all raising of blood- 
pressure which goes on to arterio-sclerosis. Even a slight 
degree of such contraction means })eripheral resistance. 
There is indeed no need to go beyond vascular contraction 
for the explanation of peripheral resistance ; it is the 
simplest explanation, as it is the most certain factor, and, 
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be it remembered, Dot necessarily brought about through the 
nervous system. 

As the capillaries contract as well as the arteries, the 
" stop-cock " theory of Dr. George Johnstone must yield to 
the more prosaic view that arteriole contraction is but i^art 
of a wider contraction, and is not a special arrangement for 
saving the capillaries. If we are to retain any part of this 
attractive conception, it will require to be so modified that 
arteriole and capillary contraction may be regarded as a 
provision for diminishing the supply of an impure blood 
to the tissues. This is really a truer conception, for it is 
the goo<l of the tissues which is the aim of the circulation, 
and this vessel constriction not only protects directly, but 
also indirectly, by producing symptoms which can lead to 
what we may call blood purificiition. 

The mechanical views of the circulation have had their 
day, and have effected their purpose almost too well ; it is 
now time that we sliould think of tlie vessels as Ziri??<7 tubes, 
contractin<? not only under the influence of nerve centres, 
but under the direct stimulus of substances present in the 
circulating blood — contraction so caused being the hyjKr- 
toujis and the hypnionlc contraction of our argument as 
much as when it is a res])onse to nerve impulses. 

THE LOCALISATION OF THK ACTION ON THE VESSEL 

WALL 

The fact that arterial contraction can be determined bv 
blood composition, or by blood -con tent, has, as has been 
already said, but little influenced practical medicine. It is 
therefore all the more nccessiiry not only to show, as I have 
just done, that the proposition is su])iM)rtcd by the weight of 
physiological investigation, as surely as the action of the 
symi>at]ietic nervous system is established, but to see how 
much further pliysiological investigation and experiment 
will allow us to go. 

It will be seen that experimental investigations still 
further warrant and support oiu* clinical contentions ; and 
they ought, I think, to siitisfy and convince tliose who 
have hitherto thought of vessel contraction and of blood- 
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pressure only or mainly from the side of the vasomotor 
nervous mechanism. 

The point which I think it is so desirable to consider is 
what Elliott speaks of as " the localisation of the action " of 
the substances which have been experimented with ; that 
is, the particular element or part of the vessel wall which, 
when stinmlated, leads to contraction, although the vaso- 
motor nerve connections are severed. 

The point has been investigated by means of adrenalin, 
the action of which as a vaso- constrictor is well known. The 
work of Oliver and Schiifer, Langley and others in this countiy, 
of Cybulski, Boruttau and others on the continent, have fully 
established the |X)Ssession of this remarkable action on the 
part of this substance as obtained from the suprarenal glanda 

Lewandowsky, investigating the action of adrenalin, sug- 
gested that its action on plain (unstrijxjd) muscle simulated 
that which follows on electrical stimulation of the sympathetic 
nerves supplying the sj^ecial part being examined. Langley 
followed this up, and showed that the extent of contraction 
of the blood vessels in the various organs varied with their 
control by vasomotor nerves. 

Elliott has still further sustained and elaborated the 
preceding investigations. The conclusion at which he 
arrives is as follows : " The reaction to adrenalin of any 
plain muscle in the body is of a similar character to that 
following excitation of tlie sympathetic (tlioracico-lumbar 
visceral, or autonomic) nerves supplying that muscle, and 
the extent of the reaction varies directly with the frequency 
of normal physiological impulses received by the muscles in 
life through the sympathetic nerves." As regards the 
action on the blood vessels, he .«ays that " the parallel 
action of the sympathetic nerves and of adrenalin is main- 
tained in the heart and blood vessels." This constriction 
is produced in the largest arteries as well as in tlie arterioles. 
It is not evident in tlie veins. From Exner and Melzer's 
experiments by intraperitoneal injection it seems more than 
probable that the capillaries, at least in certain regions of 
the body, are also constricted by adrenalin. 

The fact of constriction being thus established, the 
question necessarily arises, does the adrenalin act through 
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the vasomotor nervous mechanism or upon the vessel wall ? 
These, as in the case of the heart, may be regarded respect- 
ively as the neurogenic and the myogenic views. That the 
stimulation is produced at the periphery was proved by 
Brodie and Dixon, who found that the vaso-constrictor ner\'es 
to the limbs lost their electrical irritability within three 
hours of death, while the vessels reacted to adrenalin six 
hours after death. Degeneration of the sympathetic nerves 
after section does not hinder the action of adrenalin upon 
the vessels. These investigators located the point of 
stimulation in the " connecting link between nerve fibre and 
muscle fibre, . . . which is not necessarily a constituent 
part of the muscle fibre, nor yet of the nerve fibre," and 
they designate it " neuro-muscular junctional tissue." 

Elliott's comment on this is that " when plain muscle 
develops connection with symimthetic nerves, it must at the 
myoneural junction acquire a mechanism that can receive the 
nervous impulse " ; further, " adrenalin excites not the muscle 
fibre directly, Init a substance developed out of it." He 
repeats and amplifies this as follows : " The irritability of 
the muscle toward adrenalin depends on the differentiation 
of part of its substance to form the myoneural junction. 
And it has been shown that the sensitiveness of reaction 
depends on the frequency with which it receives sympathetic 
nervous impulses in the reflexes of daily life. Once, however, 
the sensitiveness has been developed, it does not in the life 
of the individual become dulled by the total abeyance of 
arriving impulses, such as, for instance, is caused by degen- 
erative section of the nerves. Then, indeed, the junction 
acquires an exaggerated irritability." 

This, however, does not exhaust the interest of this subject. 
Another experimenter, Mr. H. H. Dale, in a most important 
study of the action of ergot, has shown that its primary action 
upon the circulatory system is stinmlant, — that is to say, that 
it leads to contraction of the vessel wall, this being the well- 
known vaso-constrictor action which has led to its use as a 
therapeutic agent in practice. This vaso-constriction leads, of 
course, to a rise of blood-pressure in the aorta, and is held by 
this observer to be quite independent of the vasomotor centre. 

Although the vaso-constrictor action of ergot is as widely 
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known as any fact in medicine, it is certainly not equally 
known that there is a further actiou, brought about by larger 
doses, which is its secondary or paralytic action. That is to 
say, large doses of ergot lead to dilatation of vessels instead 
of to constriction. When ergot has been used in sufficient 
quantity to produce this eftect upon the vessel the vessel no 
longer responds to the application of adrenalin ; that is, adrenalin 
can no longer constrict it. The action of the ergot is to 
paralyse the myoneural junctions on which, as has been already 
shown, adrenalin acts. With the paralysis of the junctions the 
constrictor effect of stimulating the sympathetic is also lost. 

There is another gland in the body, which, as Oliver and 
Schiifer have shown, produces a sul>stance which has a like 
vaso-constrictor action to adrenalin — the gland being the 
Pituitary Body, or rather its infundibular portion. The con- 
strictor or pressor principle in this gland produces its stimulant 
effect directly on the arterial wall, not on the vasomotor 
nervous mechanism. Yet the remarkable fact has been 
disclosed by Dale, that ergot in large quantity does not 
neutralise its action, as it neutralises the action of adrenalin. 
Dale says that the constrictor or " pressor principle contained 
in pituitary extracts produces its stimulant effect on the 
arterial muscle, not through any part of the sympathetic 
nervous apparatus, not through the related structures on 
which adrenalin acts, l)ut through some other substance 
or substances of the muscle fibres themselves.*' 

It is therefcne plain and evident that vessels constrict by 
the direct iuHuence of substances in the blood. Tlie conception 
which has so long dominated our views, and it is hardly too 
much to say sealed our eyes, that vessel contraction or 
relaxation, or the associated alterations in blood-pressure, are 
the manifestations of nervous impulses, has to be given up in 
great part, and must share its honours with the other factor. 

While the direct influence of constrictor substances on the 
vessel wall is thus established, it is to be noted how subtle 
the processes are : adrenalin acts upon what is neither nerve 
nor muscle, but is euphoniously termed the myoneural junction ; 
pituitary extract acts on the vessel wall as adrenalin does, not, 
however, upon nerve, nor upon the myoneural junction, ])ut upon 
some substance which, as it is none of the tilings mentioned, 
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is assumed to be muscular. Choline acts in the same wav, 
but its action can be prevented or neutralised by atropine. 

How futile seem the controversies regarding the neuro- 
genic or myogenic origin of vascular response ! How many 
controveraies have been waged over alternatives, when each 
was but part of a more central truth ! 

THE INFLUENCE OF TOBACCO 

In Chapter XV., which deals with angina pectoris, it is 
pointed out that one of the recognised clinical varieties of the 
affection is the toxic form. I illustrate this form by reference 
to the effect an overdose of tobacco may have on myself. 
The cardiac discomfort accompanying the hypertonic con- 
traction noticed in the radial artery illustrates what is perhaps 
the mildest form of angina pectoris that can be experienced. 
It is, however, difficult to determine through which system 
tobacco acts, so I give it tliis special paragraph here. Tobacco 
is much used, and its influence upon the vessels has definitely 
attracted tlie attention of clinicians. Personally I have not 
so far i)aid any special attention to it, but my clinical 
assistant. Dr. J. L. (Jreen, has recently made observations on 
himself and a friend. He tells me that if he or his friend 
inhales a cigarette made of Virginian tobacco, the hypertonic 
contraction of the radial artery which ensues is very marked, 
and that with the liardening of the vessel the ha^momanometer 
reading rises 15 nnn. Hg. Here, as in other instances, the 
fact is the (constriction of vessels. What the blood-pressure 
may be inside the constricted vessels is a 'problem dealt with 
in other chapters. 
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CHAPTER VI 

THE CLINICAL ESTIMATION OF 
BLOOD-PRESSURE 

L AKTEKIAL TENSION AND IiL()OI>-rUESSUUE. 

2. METHODS OF ESTIMATING liLOOD-rKESSUUE. 

3. THE FACTOIiS WHICH DETEHMINE ILKMOMANOMETEIJ HEADINGS. 

ARTERIAL TENSION AND BLOOD- PRESSURE. 

For uiany years tlio attention of clinicians has been lai*gely 
directed to what has heen called "arterial tension." The 
sigiiificaDce to be attached to the term has been variously 
interi)reted ; its relatir)n to blood-pressure has been dis- 
cussed bv Professor Clifford AUbutt and othei-s. In its 
everyday and ordinarv usi» tliere is no doubt it has l»een 
associated with much (•< in fusion of idea and serious error. 
Allbutt, with his critical faculty, <lccides that the word 
" tension " is pi-actically not a])])licable to the blood hiside 
the vessel, and with this I entirely a^ave. If it is not to 
be referred to the blood, it might be assumed that it is 
appliciible to tlie \(\^sel wall. It is not, however, j)ro]M>sed 
to attempt in discuss the various shades of meaning the word 
"tension"' may liave, — tbal may lu* left to tlie pundits in 
physics. An<l yet I i-aunot leave the matter without express- 
ing my beli(>f that tin* term w.is us(»(l by our most exi)ert 
clinicians to express not bbxxl-jni'ssure, nor thickness of 
vessel wall, but the relationship between blood and wall 
---the sustained fulness of the v(»ssel, and so forth. 

More recently, attempts bave b(»eu mad(» to do away 
with the term " arterial tj'nsion." The ]»resent writer was 
amongst the tirst to d(»tinitely projiose this, but it is almost 
hnpossible to get a familiar word given up. Otbers have met 
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the difficulty by maintaining that the terms " tension " and 
" pressure," are synonymous. Personally I hold that whatever 
conduces to clearness of thinking is desirable, so I am quite 
ready to accept this definition of the terms, but I do not think 
that it is correct historically. It seems to me that our best 
clinicians meant more than this indicates, that to them there 
was a living and active relationship between the state of the 
vessel wall and the volume of blood inside it. Dr. Leonard 
Williams, in a lecture delivered at the Medical Graduates 
College, says : " High arterial tension is an expression which 
is used as a synonym for * high blood-pressure,' than which 
it is more euphonious, but less correct." While believing, as 
I do, that our ablest clinicians meant more than is here 
implied, the meaning of words is frequently modified, and 
it would greatly simplify the position were the term " tension " 
to be given up, or definitely used as synonymous with " blood- 
pressure." 

In the examination of the pulse two factors are com- 
monly considered, no matter what terms the observer uses to 
express his mental concept, namely, the condition of the 
arterial wall and the blood-pressure inside it. Putting aside 
for the moment the firat of these, the estimation of the pressure 
within the artery is undoubtedly taken as the index of the 
power of the heart. The " strength " of the pulse has no 
meaning clinically, save as an index of heart power. A 
"feeble" pulse means to the clinician a feeble heart; a 
" strong " pulse the reverse. That the pulse can reveiil 
this is the warrant for " feeling the pulse," which is the 
custom of the clinician. 

The eftect of the blood-pressure u]X)n the arterial wall 
could, I presume, be expressed in terms of " degrees of tension," 
and it was the cultured appreciation of this which, I believe, 
marked the skill of our ablest physicians ; but it can easily be 
that the acquisition of this skill is now regarded as too 
difficult, for the intenial pressure, whatever it be, is exercised 
upon tubes which vary in thickness of wall, in size of lumen, 
and in the relation of wall to lumen. The term " tension," 
unless only used as a somewhat rough indicator, has thus a 
very subtle significance. 

Another aspect of this (question may l»c referreil to, 

44 



ARTERIAL TENSION AND BLOOD-PRESSURE 

namely, the not uncommon use of the term " high tension " 
to thickened radial arteries. This confusion arose from the 
teaching that high l)lood-pressure and thickened arteries went 
together ; so, when the arteries were thickened the pulse was 
frequently spoken of as of high tension. Of course, this 
error was not universal, for it was widely recognised that in 
thick radials there might he a feeble pulse of low blood- 
pressure. I refer to this l^ecause it is by recognising how 
error originated that it is most readily rectified. 

Senator, in a recent lecture on arterio-sclerosis, says that 
in his experience an increase in arterial tension is a very 
inconstant factor, and depends greatly upon tlie condition of 
the heart ; while the rigidity of the arteries places a serious 
obstacle in the way of determining the conditions of pressure 
within them. 

Thickening of the arterial wall no doubt adds to the 
diflBculty of estimating the blood-pressure ; but it is, I think, 
not so difficult as is the estimation of wall tension. Ab it is 
blood-pressure, in the sense in which it has just been indicated,* 
which is the main object aimed at when the pulse is examined, 
it materially helps if this single conception be kept before the 
mind, and all thought of " tension " be abandoned. That the 
finger can be educated to a high degree of proficiency in 
determining blood-pressure there can be no doubt. What 
has to be acquired is the power to estimate the pressure 
inside tul)e8 of different sizes, and witli walls not only of 
different but of varying thickness. As we learn to dis- 
tinguish between large and small objects, as we distinguish 
between a thick - walled and a thin-walled tube of equal 
circumference, so we learn to judge of the flow of fluid 
• through tubes. There is nothing more subtle or mysterious 
in it than this, but it probably requires a delicate finger and 
much careful self-education. Could we introduce a cannula 
into a patient's artery, and connect it with a manometer, a 
record would be obtained which would check observations 
made by the finger, and provide a record the accuracy of which 
would not be questioned. As this cannot be done, methods 
have been devised and instruments have been constructed 
with the object of providing such records. In all skilled 
work ingenuity is constantly directed to devise means of 
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eliminating the individual equation : in the {mrticular matter 
with which we are dealing it would be of value to be able 
to do this. It would be of still greater value could an 
electrical balance be devised that would correctly weigh and 
estimate the data upon which a diagnosis is based, so that the 
individual judgment and the personal mental bias would l^e 
eliminated. We are, however, far from this, and after we 
have counted blood corpuscles, estimated hiemoglobin richness, 
determined blood specific gravity, found the total nitrogen 
excretion, taken sphygmographic tracings, used the most recent 
of " blood-pressure " instruments, and piled up a goodly array 
of clinical data, the final judgment may be no whit better. 
The personal equation cannot be eliminated in diagnosis, and 
when it is all-important to form a correct estimate of the 
circulation as a whole, our most recent methods still leave the 
decision to the individual acumen and experience ; to what 
is nothing else than the skill of the individual, determined by 
inherent mental faculty, developed by education and en- 
riched by much accurate observation. 

METHODS OF ESTIMATING BLOOD-PRESSURE. 

We may now proceed to examine the methods in use for 
the clinical determination of blood-pressure, to note some of 
the contentions based upon the records so obtained, to 
determine what data tlie methods used really supi)ly us with, 
and what practical use can be made of the data which they 
supply. I have no special desire to pull down if I cannot 
at the same time build afresh, but it is more than time that 
this important subject were ]>ut upon a sound foundation, and 
that the errors with which it threatens to be surrounded, it 
might even be siiid adorned, should if possible be checked. 

This is not mere hy])erbole, for tlie pi-esent ^Kisition is 
not only curious but undesirable. Tlie position is this : on 
the one hand may 1)0 placed the ])hysiologists who have 
accepted the instruments in use, and believe that they give 
an accurate record of blood-pressure ; along with tliem there 
are a certain number of ])hysicians who have accepted the 
dictimi of the physiologists, and have drawn im])ortant clinical 
inferences from the rigid apjJication of physiological methods 
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to pathological conditions. On the other hand, tliere ai^e a 
number of physicians who have absolutely discarded the 
instruments in (luestion, not only as useless, but as seriously 
misleading. When this is tlie state of opinion, it is evident 
that there is sometliing to be found out, and the matter is 
so very ini]>ortiint from the physician s standpoint that I do 
not hesitate to submit my observations and conclusions, in 
the belief that thov can and ultimatelv will reconcile divided 

ftr f 

opini(m. 

The plan or ])rinci])le on which blood-pressure instru- 
ments are based is sini])lc, and mav be briellv described. An 
armlet made of some strong material lias a rubber bag 
attached to its internal surface. When this armlet is applied 
and fastened by means of straps, the rubber l)ag is blown up 
l)y means of a ball syringe attiiched to the bag by rubber 
tubing; another piece of rubber tubing Iciids to a manometer 
which records the pressure of the air inside the apparatus >a8 
it is slowly pumped in. When the bag of the armlet is 
distended sufficiently to grasp the arm, the index of the 
manometer moves up and down with every arterial pulse 
wave : at a certain pressure the pulse wave, as seen on the 
index of the manometer, attains its maximum desrree of 
excursion ; this point is taken by some observers to repre- 
sent the diastolic prcninirc in the arteries. Other observers 
use the same kind of instrument in another way, — the bag 
of the armlet is distended until the arterial circulation in 
the arm is stopjKul by the pressure of the distended bag, the 
stoppage being judged of ))y tlie finger on tl»e radial artery, or 
bv a second bag attached to a wristlet. The heiulit to which 
the manometer index has risen is taken as representing the 
maximum or systolic pressuie. A third mctliod is applied in 
the construction of (iiirtner's tonometer and corresponding 
instruments. In tliis metliod one of the Hngers is rendered 
bloodless by ])assing a tight rubber ring fi-om the tip of the 
finger upwards along the two terminal phalanges, then a 
rubber bag is ])assed round the i)roximal i)halanx and distended 
with air sufficiently to ensure sufficient compressi(m to pre- 
vent blood passing into the finger after the rul)ber ring is 
removed ; the pressure in the l)ag is recorded l)y a manometer 
attached to it l>y a rubber tube; the pressure is slowly 
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lowered, and the i>oint at wliich the index stands when the 
finger flushes is taken as the systolic pressure. 

In the first method the maximum pulsation obtained 
from the compressed vessel is taken as the record; in the 
second and third methods the point at which the vessel or 
vessels are so obliterated as to arrest the circulation in the 
part is taken as the reconl. 

It is these records which it is maintained give the 
" blood - pressure." After using and comparing various 
types of instnmient in a variety of cases it seems to me 
that those which are used to obtain systolic pressure by 




Dr. George Oliver's hfemomanometer as made by Mr. Hawksley, 357 Oxford 
Street, London, W. A detailed description of the iustrument and how to use 
it is supplied by the maker. 

means of obliterating the brachial artery, or its branches in 
the upper imrt of the forearm, are the most satisfactory. 
They are mostly modifications of the Riva-Kocci instrument. 
Personally I prefer Dr. George Oliver s modification for two 
reasons: first, because in the manometer a spirit index is 
used instead of mercury, which makes it more easily carried 
about ; and second, because it has a wrist bag by means of 
which you can sec when the pulsation in the radial artery 
8toj)8, which is less of a strain upon the attention of the 
observer than using the finger, while those around the patient 
can have the whole proceeding demonstrated to them, which 
is impossible when the observer can only commimicate what 
his finger determines. 

By the methods which have been described it is apparent 
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that when, for example, the armlet is applied to the upper 
arm, pressure is exerted by the air-pad upon all the soft 
tissues of the arm, sufficiently to compress the brachial artery, 
so that by obliteration of its lumen the pulsatile movement is 
arrested on the distal side of the compression. It is surely 
reasonable to claim that this c^m l)e expressed as coin- 
presdbilUy, and that the soft tissues take some share in the 
result; but above all, it would seem reasonable to assume that 
the physical characters of the artery will materially influence 
the result. That it is compressibility which is determined 
cannot really l)e denied ; and this being so, it is a matter of 
common knowledge that the compressibility of a tube depends 
upon the thickness of its wall, and the relation between that 
and the size of its lumen. A large tube with a thick wall 
is more easily compressed than a small tube with the same 
thickness of wall. And yet, plain as this may appear to be, it 
is taught that the compressibility of an artery is determined 
wholly by the pressure of the blood inside it, tliat the thick- 
ness or thinness of the wall is a negligible factor, and that there- 
fore the compressibility, as measured by the hfemomanometer, 
is literally " blood-pressure." 

Janeway, in his well-known book on blood-pressure, 
definitely states his view as follows : " That a sclerotic 
vessel may offer considerable resistance to compression is a 
common beUef which I do not think is justified." 

It is unnecessary to single out others by name, for it will 
be found in most recent WTitings that compressibility has 
been assumed to be " blood-pressure," — no other explanation 
or interpretation of records has been given, so far as my 
reading has revealed. No doubt, as Janeway says, there is a 
" common belief " which is contrary to this, but the object of 
writers on blood-pressure seems to be eitlier to ignore it or 
to assume that it is one of the common hclirfs which possess 
the minds of uninformed persons. 

Although the condition of the arterial wall is so 
definitely assumed to be a negligible factor in the records 
obtained by means of the hiemomanometer, it must be 
remembered that, before the instruments referred to came into 
such extensive use, it was fully recognised by the best 
clinicians that the state of the vessel wall was an important 
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factor in what was commonly known as " compressibility of 
the pulse." It was, indeed, universally recognised that when 
the wall was thickened the pulse was less compressible. If 
the new conception were correct, it would imply that what 
w^as formerly regarded as knowledge was a mere figment 
of the imagination, and that all our knowledge about thin 
and thick tubes appertained to the physical characters of 
rubber tubes, and had no relationship to the arterial tube. 
The revolutionary nature of the newer view seems to 
have been but partially realised. It seems to have been 
based ui)on observations on noimal walled vessels, for I 
cannot imagine anyone accustomed to the clinical observa- 
tion of arteries, and equally familiar with the appearance 
of the same vessels after death, accepting the new view. 
It is as unsound pathologically as it is clinically. If the 
wall of an artery can become many times thicker than the 
normal, the common physical law must be applicable to it, — 
it cannot but be more resistant, it cannot but require more 
power to obliterate its lumen. The normal radial artery, for 
instance, collapses by its own weight when empty, while it is 
commonplace knowledge in patliology that if the wall of an 
artery is thickened its cut end gapes. Certain physical pro- 
pei'ties are as applicable to arteries as to rubber tubes. It is 
indeed curious to note, on the one hand, the application of the 
physical characters of rubber tubing to illustrate and elucidate 
the i)hcnomena of the circulation ; and on the other hand, the 
apparent abandonment of all our common knowledge of physics 
when the compressibility of an artery is under consideration. 

As the result of experience, I venture to say that when the 
method of obtaining haimomanometer readings is submitted to 
the physicist, lie w^ill smile at the suggestion that the readings 
represent the pressure of the fluid inside the compressed vessel. 
This point need not be further elaborated, and I willingly turn 
from it to the constructive side of the subject. 

THE FACTORS DETERMINING H.EMOMANOMETER 

READINGS 

I submit that, by tlie methods used, the light of a 
limited knowledge of physics suggests that there are three 
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factors to ho considered — (1) The soft tissues surrounding 
the artery; (2) the arterial wall: and (3) the pressure of 
the blood within it. 

Tissues surrounding the Artery. — Taking up the 
tirst of these — the soft tissues surrounding the artery — I 
may at once state that so far as 1 can see this factor is 
practically negligible. I tliought at one time that it might 
prove to be an ini])ortant factor, but after a careful comparison 
of the girth of arms, whether due to muscularity or adiposity 
on the one liand, or to emaciation on tlie other hand, with 
manometer readings, I am convinced that the factor is, as 
I have said, practically negligible. Even the application 
of the pressor ])ag over the arm covered with ordinary 
clothing gives much the same record as when apjJied over 
the uncovered arm. Further, the bag on the upper part of 
the forearm gives practically a like reading to that obtained 
from the upper arm. I therefore pass from this factor to the 
consideration of the other two. 

Thickness of Arterial Wall. — That the thickness of 
the wall of a tube, and the proportion this bears to the bore, 
affects its compressibiUty is a fact of common knowledge, 
as has been already pointed out. It is one of the l)eliefs it 
is difficult to realise should require proving. That the 
contrary opinion exists, when tlie tubes are arteries, has been 
alrendv shown : and it seems to me that it has arisen bv 
the rigid ap])licati(ni to clinical and pathological problems 
of the conclusions drawn from physiological experiment 
and ol)servation. It has come alxjut in tliis wav. A normal 
arterv of such size as tlie rachal has sucli a tliin wall that, 
when emi)ty, it colla])ses, as a piece of thin rubber tubing 
collapses; if the vessel be full of ]>lood, or other fluid, its 
walls are held apart, and its lumen is maintained. If by any 
device fluid pressure is exerted on the outside of this full 
vessel a very small extra pressure will lead to its collapse. No 
matter what the pressures be, the result is, 1 believe, the same. 
The wall is practically, if not tlieoretically, negligible. That 
similar results have been obtained with arteries which have 
undergone what I have defined as arterio-sclerosis is to 
be explahied l)y the entire loss of tone in the dead vessel, 
so that it is no longer companil)le to the living vessel. 
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There is, of course, no doubt that the arteries we examine 
clinically vary enormously in the thickness of their wall, and 
the relation of thickness of wall to bore. There are, 
however, no records of the results of the examination after 
death of radial arteries known to be thickened during life. 
Pathologists and clinicians in tlie ]X)st-morteni room have 
gone to the aorta or the cerebral arteries in starch of 
atheroma, and have left the vessel felt during life undisturbed 
in its resting place, and overlooked even amidst the yearnings 
of clinical curiosity. This was formerly my own position, but 
in 1901 I drew attention to the gravity of tlie omission ; and 
what I wrote then and subsequently is the outcome of obser- 
vations which are ahnost monotonous in their uniformity. 

The difference in tlie thickness of radial arteries and 
in the relation of thickness of wall to bore has been shown 
in Figs. 9 and 11, and is further represented in Figs. 14, 15, 
16, 17, 18, 29, and :^0. 

There is no question liere of. post-mortem rigidity, and 
the influence of fixatives ; these arteries felt after death as 
they had felt during life, save for the absence of pidsation 
in them, so that the only question is w^hat changes led to 
their thickening ? These changes I have described in an 
earlier chapter. No fixative treatment of normal arteries 
will produce sucli pictures as I have given. Professor Mac- 
William found thp,t arteries taken from amputated limbs were 
by stimulation so altered tliat tlieir diameter could l>e 
reduced to one-third, with, of course, a corresponding thicken- 
ing of the wall. Tliis is a wide range of contractility in a 
normal vessel, yet in arterio-sclerosis, wliere the tliickening 
encroaches upon the lumen, and contractility is retained, 
the diminution is still j^reater. Some of mv cases have shown 
a thicker wall and a smaller ])ore tlian MacWilliam records. 
I cannot but think that tliose who have thought that the 
vessel wall was negligible have not had the data necessary 
to a correct opinion. The following chapters will illustrate 
the part taken by the vessel wall in hci-momanometer 
observations. It is, however, necessary to repeat what 
has been said earlier, that thickness of the arterial wall 
may be due to two factors, separate or combined, namely, 
permanent structural thickening and hypertonic contraction : 
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Fig. is. — Radial arlery, sliowicf! pine li}i>eliiij-otri>]jliy ai 
hyiiertoiiic contrition. 
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and if anyone remains sceptical of the occurrence of 
hypertonic contraction let me again refer to Professor 
MacWilliams' observations, that in an amputated limb 
the arteries could by stimulation be made to contract so as to 
reduce their lumen l)y two-thirds. I merely contend that 
arteries do this in tlie livinj^ bodv : and if clinicians have not 
trained tliemselves to note its occurrence they will find it 
a most int-eresting study and an invaluable guide. 

The Blood-pressure inside the Vessel. — It is one 
hundred and seventy-five years since Steplien Hales introduced 
the study of blood-pressure ])y putting a tube into the crural 
arterv of an animal. Ninetv-five and one hundred and 

V' V 

fourteen years later, Poiseuille and Ludwig respectively con- 
nected a mercurial manometer and a writing style to the tube. 
Otliers have perfected the method thus begun ; but it is 
imnecessiiry to trace here the stages of physiological evolution 
to its present high level of experimentiil exactitude. It is 
enougli for our present purpose to know the conclusions at 
which physiology has arrived. No higher authority can be 
found than Professor Leonard Hill, and he places the pressure 
in the brachial artery of a healthy young man at from 110 
to l.*^)0 mm. of mercury. Faivre, quoted by this authority, 
measured it directly in man during the amputation of a 
limb, and his results gave a pressure of from 110 to 120 
mm. Hg. This is in close accordance w^ith the readings 
obtained l)y the use of tlie luemomanometers already referred 
to. My (nvn o])servations in i^ersons with perfectly soft 
arteries place it a little lower, namely, at from 105 to 115, 
and not above 120. At this point, however, I am in the 
happy position of being ])iactically in agreement with 
physiological teacbing. I win draw further from the same 
source, but would emphasise the facts, namely, that during 
sleep and when the body is kept at rest, the pressure is 20 mm. 
lower; and that it rises 20 mm. Hg. after violent exercise. 
It can therefore be stated that, in the normal state of living, 
the pressure ranges from 90 to 120; and after violent 
exertion may rise to 140, this extra rise passing off in about 
fifteen minutes after exertion stops. These figures closely 
corresj)ond to my own observations. I have, however, made 
ol)servations on one active person whose pressure varied 
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between 85 and 105, Imt this is aii exceptionally low recoi 
for health. 

On the strength of the phyaiolc^ical statements, I subm 
that the 20 mm. Hg. of rise after violent exercise marks tl 
linilt of the reserve of power of the normal dvenige heat 
This is tlie jiitiount nf rise of pi-eafiui-e that the heart can co[ 
with : if raised Sfjinewhat ul)<.i\'e this tlie left ventricle woul 
give way, and acute dilatation would result, as clinically b 
know Honietinies occui-s. The ri^e of [n-essurc is not priniaril 
due to heart action, as seems to be the common conceptioi 
llie rise of pressure is due to peripheral constriction cause 
by muscular compression on capillaries, arterioles, and eve 
arteries ; the inevitable and niiavoidahle result heing a raisin 
of pressure in the larger arteries and the aorta. This raisin 
of pressure is purely meehaniciil, and takes place iu a systei 
of i-ublwr tuljcs, just as it does in the blood vessels. Tli 
living factor ste^ra in when the heart is stimulated to met 
this raised aortic and arterial pressure by inerejiaed worl 
shown in moi'e i-apid and stronger ventricular- contraction 
The length of time the left ventricle can maintain thi 
de^iends on the quality of the individual hoai't. If the lei 
ventricle cannot rise to the aortii^ pressure and open th 
aortic cusps there is a synco]M>, wliich may lie and often i 
fatal. This may hapiun presumably with a rise short of 2 
mm. Hg., and here at the outset we see that clinical inediciu 
and pithfilogy branch oil' from the physiological standar( 
The physiological doctrine that a healthy young man ch 
safely do wliat will raise his aortic |)ressure to 140 mm. Hf 
is accepted, but the two words " healthy " and " young " muf 
never lie omittetl from tho piii[M]Miti(ui. The observation 
of clinical jmthology, however, are nut confined to the health 
or the yoiuig, although it seems as if some people though 
that u ithysiological triith was one of tliose eternal veritiei 
such as that 2 + 2 = 4, ap])li«ible in all circumstances and a 
all times. It is not wife to raise the blitod-pressiu'e in al 
aortas by this e.ttra '20 mm. Hg. : and when we get hiemo 
manometer readings in man from 1 (JO to 200, and evei 
up tjj 300, we turn to physiology and ask, " Is this blood 
]>refwure in the sense in which you use the tei'iti ? " I kno\ 
that in experimental work the aortic pressure cuii \ni some 
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thiDg like doubled by constricting arteries and capillaries, but 
to prevent the heart coining to a standstill under these con- 
ditions the vagi have to be cut. 

In the consideration of blood-pressure it must be 
remembered that the heart and the vascular system have 
a self-protective nervous mechanism. If the aortic pressure 
is raised by systemic constriction it can be relieved by 
splanchnic dilatation, and conversely. If the aortic pressure 
be higher than the left ventricle can fully overcome the 
residual blood in the ventricle is increased ; this leads to over- 
distension ; over-distension acts upon the vagal terminals, and 
the heart is slowed, to give time for the hypertense aorta to 
be relieved by the passage oiiwards of more blood. The heart 
is also saved by l)lood accumulating in the veins when arteries 
constrict. In this wav it follows that less blood reaches the 
left ventricle, and, as was shown by Hales one hundred and 
seventy-four years ago, " the real force of the blood in the 
arteries depends on the proportion which the quantity of blood 
thrown out of the left ventricle in a given time bears to the 
quantity which can pass through the capillary arteries into the 
veins at that time." The circulation has therefore very 
efficient ways of preventing pressure becoming too high, and 
yet we are told that blood -pressure rises with age, that in fact 
high blood-pressure is a common sign of senility ! This is the 
outcome of applying an instrument, evidently physiologically 
accurate, all along the line of pathological change, and insisting 
that the instrumental readings continue to have the same value. 
I have heard a physiologist describe what would happen if 
blood-pressure rose to 300 mm. Ilg. I do not repeat his 
words, but it amazed him to be told that such readings were 
obtained from the hiemomanometer. 
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CHAPTER VII 

A NEW SCHEMA OF THE CIRCULATION 

10 ILLUSTRATE— 



1. QUESTIONS CONCERNING BLOOD- PRESSURE. 

2. THE INFLUENCE OF THE ARTERIAL WALL IN HiEMOxMA- 

NOMETER READINGS. 

After 1 had arrived at what appeared to me to be reasonably 
definite conchisions regarding the clinical phenomena, ^rs^, of 
hypertonic contraction of arteries and its effect on the blood- 
pressure in the contracted vessels ; and, secondy of the influence 
of the arterial wall in hiemomanometer readings, it seemed to 
me desirable to investigate these points from the physicist's 
standpoint. 

I was fortunate enough to arouse the interest of Dr. 
Cargill Knott, Lecturer on Applied Mathematics in the Univer- 
sity of Edinburgli, in these jjroblems, with the result that a 
schema of the circulation was devised which is represented in 
the accompanying figure. The schema was the outcome of 
mucli patience extended to me, and of Dr. Knott's technical 
skill in his own department. In its completed form it seemed 
to meet ])oth his and my requirements. 

The two points to be investigated were — First, what 
effect was produced by constriction of arteries upon the 
pressure of fluid inside them ? Second, what part did the 
arterial wall take in determining arterial compressibility, and 
therefore in determining haemomanometer readings. These 
two points seemed to me to belong almost to pure physics, 
although there were factoi*s in the living circulation which 
they did not embrace. 

The schema consists of a glass reservoir B} with three 
glass arms to which large rubber tubes are attached ; these 
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are succeeded by rubber tubes almut the size of the brachial 
artery: these are again aiicceeded \>y Ihtl'pv tnbpn which are 
attached to the iliice glints aruis of lli.' --■.mh.I l'1;i^-> luyervoir 




Fru, IB.— Srhcma of tho circiilAliou ili^vEaoi liy Dr. Carnill Knolt 

»uid tlie nuClior ; dewriptioii ju text. The thick tillies between 
tnbeit a, h, r aud R' and R' ixre omitted from the Hgnre. 
On each of the three smaller tubes two gliiss gauges M 
introtlueed to iudicate tlie pressure inside tbu Lubes. Tlie 



tliree tubes were umde nomi-wiUy of eijual imre, but of 
different thickness of wall This ideal was not realised ; but, 
aa they are, they suttice for our purpose. Sections of the 
tubes (u-e shown in Fig. 20, — A haviug the thianest wall, B 
a medium thicknesH of wall, and C the thickest wall with 
the sniallest bore or lumen. It will l>e seen, by comiHiring 
these with the sections of aneriea, that there is no greater 
dilTereuce lietweeu the tubes than between the arteries. 

Water is made to How through this schema either by 
means of a s3^hon Sy. cniinected with a bucket of water 



57 



A NEW SCHEMA OF THE CIRCULATION 

B.W., or the thick rubber tube leading to reservoir R^ can be 
attached to a water tap. The pressure can be regulated as 
desired, by raising or lowering the bucket, or by means of the 
screw S. The pressure can be regulated by means of the tap 
when the schema is attached to a water pipe. When water 
is flowing through this system the two reservoirs R^ and R^ 
ensure a uniform pressure in the three tubes a, 6, c ; at all 
events, the reservoirs, in the view of the pure physicist, 
remove possil)le sources of fallacy; and this is desirable, as 
the problems which surround the flow of fluid through tubes 
are very intricate. 

When water is flowing through this system, say from a 
bucket of water, there is a steady fall in pressure from the 
syphon Sy. to tlie outlet O. This fall is sliown by the gauges 
M on their respective tubes a, Z>, c. The mean irressure in 
such a system is the average between the highest and the 
lowest pressure, and it is practically the same in all three 
tubes. 

If now any one of the tubes be constricted, no matter 
how slightly, the pressure immediately falls on the distal side 
of the constriction, and rises on the proximal side. The 
mean pressure in the whole system remains unaltered, but 
tlie dutribidion of the pressure is changed. 

The scheme is so sensitive tliat touching any of the tubes 
at any point alters the level of all the six gauges ; the water 
rising in all, save the one or two on the distal side of where 
the Hnger is api)lied — in tliem the water falls. 

// /o//o?r.s fhat in and beyond the constricted area pressure 
falls ; ahorc if, it rises. This is a physical law, and must be 
as applicable to arteries as to ru])l)er tubes. There appeai-s 
to be no warrant for the view that tliere is a rise of blood- 
pressure inside constricted vessels. 

The second, jioint to investigate was the difference in the 
amount of pressure required to obliterate the lumen of the 
tubes rt, &, c, with their ditlerent thickness of wall but with 
the same internal pressure. This was tirst roughly tested by 
means of weights applied over a cork resting on the tubes in 
succession. The cork was attaclied to an upright rod kept 
in position by means of two wire loops attached to a suitable 
block of wood. Roughlv, tube A required 400 to 500 gi*ains 
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to obliterate its lumen; tube B required about 1500 grains; 
and tube C required about 4000 grains. The conditions 
affecting the pressure of the iiuid was uniform in all, and yet 
there were these enormous dit!erences in the amount of pressure 
re<[uired to obliterate the lumen of the three tubes. The 
diameter of the lumen of the tubes and the thickness of their 
walls is shown in Fig. 20. 

It was, however, desirable to be somewhat more precise 
in our observations, and I continued observations on a new 
plan. When tlie pressure in the gauges was at zero, that is 
to say, wlieu the system was full, and the water at the foot 
of the gauges, I attached a manometer to the top of one or 
two of the gauges and closed the tops of the others. I then 
tm-ned on the water, and found that I could make investiga- 
tions with any internal pressure I liked, so long as it was not 
so high that it burst . the tubes or forcibly separated the 
fittachments. I found that I could work conveniently with 
a pressure as high as 30 mm. Ilg. It then occurred to me 
that I had fouud a use for the luemodynamometer of Oliver, 
which, as an instrument of clinical use, I had discarded for 
his hiemomanometer. By means of this instrument I could 
with sufficient accuracy determine in mm. Hg. the amount of 
pressure rcjiuired to obliterate the respective tubes. 

Before giving tlie tigures, I would point out that tube A 
was so thin walled tliiit it collapsed with its own weight, as 
a normal artery collapses, while the other two tubes always 
retained their round form. 

The internal laessure, as shown by manometers attached 
to the top of some of the gjuiges M while the others were 
closed, was .'>0 nmi. Ilg. The pressure recpiired to obliterate 
the lumen of the tubes as measured by the hiemodynamometer 
was as follows : — 

A tube ]> tube C tube 

10 mm. Hg. 40 mm. Hg. 84 mm. Hg. 

These numbers are at least ai)proximately correct, and sliow 
roughly the same proportion to one another as tlie rougher 
method showed. 

It is interesting to note that in A, where the tube was 
only kept open l>y the amtaiued fluid, the lumen of the tube 
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was obliterated by a directly applied pressure of 10 nun. Hg., 
while the pressure of the flowing fluid inside it was 30 niiu. 
Hg. It followed from this that the pressure of the flowing 
water in the other tubes only i-equired to be allowed a like 
measure; so that in B the tube wall equalled 80 mm. Hg., 
while in C it equalled 74 mm. Hg. 

That this represented, at least approximately, the part 
taken by the wall of the tube, was conflrmed by the further 
observation that, when the internal j)re8sure was raised 10 
mm. Hg. higher, the pressure required to obliterate the lumen 
was also raised 10 mm. Hg. This observation was not 
extended to tube A, iis a sustained internal pressure of 40 
mm. Hg. found out all the weak points in that tube. 

It appeared from these results that the general opinion 
was correct, that the cominessibility of a tube was determined 
partly by the pressure of the flowing fluid inside it, partly 
by the thickness of its wall, and the relation between that 
and the lumen of the tube. 

Objection has been taken to these results on the grounds 
that arteries are not rubber tubes. 

I have made some observations with vessels obtained from 
the post-mortem room, and, so far as I have yet carried these, 
they seem quite worthless, for the simple reason that the 
dead vessel no longer possesses the tmn' or the elasticity of 
the living vessel. In fact, the rubber tube is a better 
substitute for the living artery than the dead one is. It 
may be that when I have the opportunity of testing some of 
the thickened brachial arteries which 1 have felt during life, 
and which always give a high lucmomanometer reading, I 
may modify this view ; but from what I have seen, I am not 
sanguine that the results obtained after deiith will in this 
particular help towards the elucidation of the clinical 
phenomena. 

A third observation is worthy of being recorded, although 
it had no direct l^earing uj)on the two points which were 
specially investigated. The observation was as follows : — 
Working with an internal pressure of 30 mm. Hg., when the 
lumen of tube A was obliterated, the manometer on the 
proximal side of the point of constriction showed a rise from 
30 to 100 mm. Hg. ; the tube l)ecame much distended, and 
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gave way at every weak ix)iut. Tulie B when it« lumen was 
obliterated showed a rise fr(»m 30 to 95 mm. Kg. Tube C 
showed a rise from .*>0 to 42.1 nmi. Hjj. when similarlv 
treated. These mav he tabulated as follows, — with an 
internal pressuix^ of :*0 mm. Kg., when the tube was 
obliterated there was a rise of in 

A W C 

70 mm. Hg. (]'» mm. Hg. 12i nmi. Kg. 

This observation has considerable practical significance. 
In the first jAace, it shows the great rise in pressure that 
would take place in arteries the size of the radial if they did 
not contract along with the arterioles and capillaries. Tlie 
relatively small rise that took place in tlie thick-walled tul^e 
C was very striking. 

The phenomena shown by means of this scheme enable 
us also to undei'stand verv deiulv the circulatorv changes 
which occur in the brain. The sclieme can further be 
utilise^l for teaching pur|>oses to help students to understand 
and to appreciate the rjuestions of internal j)ressure and of 
thickness of arterial wall. 
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CHAPTER VIII 

PRESCLEROSIS -HYPERTONUS VERSUS BLOOD 
PRESSURE— THE MODE OF PRODUCTION OF 
ARTERIO-SCLEROSIS 

PRESCLEROSIS-HYPERTONUS VEIiiiVfi BLOOD-PRESSURE. 

The term Frescltrosif has been introduced by Huchard to 
indicate the vascular condition which precedes arterio- 
sclerosis. I have alrefidv referred to Hnchard's Aiews 

If 

regarding the meaning of the term a i*terio- sclerosis, and 
shown that lie does not separate the condition from 
atheroma, as I contend must he done if a clear and 
imamhigiious conception of the course of arterio-sclerosis is 
to he formed. It is therefore difficult to be sure that 
one is forming a precisely accurate estimate of his opinion 
on certain ])oints. He uses, for instance, the terms nrtenal 
kypcrtcnsion and Uood'Ovcrtoii^ian as synonymous. I have in 
an earlier chapter de.alt witli the confusion which surrounds 
the use of the former of these terms, and it does not seem to 
me that Huchard has simplified the j)rol)lem. He quotes 
with approval Mahomed's study of the pre-albuminuric stage 
of Bright\s diseiise, in which hfe recognised a functional ])eriod 
characterised hv l)lood hvpertension. Itosenbach also is in 
accord with tlie view that the thickening of the arterial wall 
is the result of the pressure of the blood. The fundamental 
idea is increased blood-pressure, at one time called blood- 
hypertension, at another arterial hyj^ertension ; while Dr. 
Leonard Williams, who is ap])reciatively referred to by 
Hucliard, and has been referred to in an earlier chapter, 
iniambiguously asserts that the terms are synonymous. 1 
have already exjnessed a doubt as to the accumcy of this, for 
it alwavs appears to me that tlie writings of Broadl)ent, 
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Clifford Allbutt, and Huchard himBelf show that they flis- 
tinguished between the blood- pressure and the vessel wall in 
a, way that Leonard Williams does not, and that this explaina 
Broadhenfti belief in the finger for the examination of the 
pulse, while Williams regards it as a most inept and fallacioiis 
medium as compared with a hiemomanouietor. In faet, in 
the writings on tliis subject there is often apimrent either a 
hi'eak in the hamiouy or a false note, which is unavoidable 
when a factor is present which is at i>ne point acknow- 
ledged in the abstract but ignored at a further point in its 
exposition. 

To Hucbard the stage of prescUroais is the peri<Ml during 
which there is a continuously maintained elevation of blood- 
pressure. So much may he accepted as con-ectly interpreting 
his position, but he follows others in attributing some- 
what vaguely the raised pressure to vessel conatriutinn. I 
cannot better illustrate Hunhard's position than by referring 
to the discusBion of a recent paper which he submitted to the 
Academic de Mt'dicine of Paris. In tliis discussion Lancereaux 
and Cliantemesse both denied that arterio-sclerosia was the 
result of hypertension : maintaining, on the other hand, that it 
was of the name nature as the anatomical chauges met with 
in gout, rheumatism, and lead-poisoning, that indeed " it waa 
manifestly of toxic origin," as the latter of these expressed it. 
No more (lumplete justification could he found of my contention 
that the whole subject of arteiio-sclevosis, its clinical signific- 
ance, and tlie cuiTent methods of estimating blood-pressure 
required clearing up. 

In the discussion referred to it is apjiareut that 
Lanuereaux and Cbantemesse confine their conception of 
arterio-sclei'osis to changes in the tunica intinia ; while 
Huchard's conception lA the term, already dealt with in 
Chapter 11. of this book, is equally incomplete. The combina- 
tion of changes to which I hold the term ought to be confined 
is nowhere explicitly iBcognised, and could hai'dly be, seeing 
that the fundamental and primary phenomenon of bypei'tonic 
contraction has been overaliadowed by the idea of raised 
hlood-preasure. 

Senator thinks that the early beginnings of arterin-sclerosis 
cannot be recc^nised clinically with oertaintv. 
63 
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THE MODE OF PRODUCTION OF ARTERIO-SCLEROSIS. 

The whole problem seems to me to be at once clarified 
and simplified when we begin with the first clinical step in 
the process, namely, hypertonic contraction of the arteries 
with which we clinically deal. It is not that this arterial 
contraction has been altogether ignored, but its pre-eminent 
importance has not been realised. Huchard recognises that 
tdxic substances in the l)lood possess convulsive properties 
which act on tlie vascular musculature, i)roducing in the 
arterial system a state of spasm more or less permanent 
which rapidly produces hypertension, and consecutively 
arterio-sclerosis ; but to him, judging from his earlier writ- 
ings, arterio-sclerosis is a chronic inflammation of the small 
vessels, an endarterioUtis. He expressly states that ** arteritis 
of the small vessels is, in short, the anatomiciil characteristic 
of arterio-sclerosis." Broadbent recognises peripheral con- 
traction as a cause of heightened blood-pressure. Allbutt 
fully recognises the correctness of the general proposition. 

Controversy has, curiously enough, !)een waged round the 
question as to whether or no there is heightened arterial 
tension without structural changes in the arteries ; and this 
problem can be best api)roached by indicating the order in 
which phenomena appear. 

The first step is the presence in the blood of toxic 
substances, or of " muscular excitants," to borrow an 
(excellent term from Huchard. These cause hypertonic con- 
traction not only of arterioles but of arteries, which have a 
muscular coat, at least up to the size of the brachial. The 
capillaries often share in the contraction. The presence of 
this hypertonic contracticm is ([iiite evident in the radial 
arteries, the temporals, and other arteries within reach of the 
finger. If the muscular excitants are continuously present in 
the blood the hypertonus is continuous, and the degree of the 
latter must be proportionate to the measure of the former. 
The effect of this tightening up of the arterial wall (m blood- 
pressure has been already discussed ; it leads to an increase 
of pressure in the aorta, and it does this without any increase 
in heart action ; although an increase is called out, if there 
be any reserve, to overcome the greater difficultv of opening 
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ilie aortic ciiaps. That there in an equal raising of pressure in 
the constricted veseels themselves is an altogether different 
question. Tlie constrieteil vessels offer greater resistance, so 
that less hlnod flows llirough them and less i-eaches the 
capillaries. The conception has teen that the increase in 
pressure coui pen sated for tlie constriction, and kept up the 
blood supply iu the conatricteJ area, whereas what really 
occurs is that the constriction throws the increase of pressure 
Ijack on the non- constricted vessels and on the aorta. The 
arterial system teing made up of sections, and the heart having 
a aelf-regulaling mecltaniam, the inci-eaae of aortic pressure is 
determine<l by the extent to which constriction is general, and 
by the reserve of power in the heart. That arterial contraction 
raises blood-pressure by from 100 to 200 per cent, in the con- 
stricted vessels is the outcome of the belief that the hiemo- 
raanometer under all conditions only registers blood -pressure. 
The recurrence or continuance of the hypertonic con- 
traction leads to hypertrophy of the muscular coat of the 
arteries. That hypertrophy occurs has been shown by 
George Johnstone, Sa\'ill, and myself. That the degree of 
it is influenced by the measure of the blood-pressure is mora 
than probable. Mere contraction of vessels does not lead 
to hypertrophy, but does so if long continued and if the blood- 
pressure be fairly maintained. But let me repeat that the 
niftintenance of blood-pressure depends upon the power of 
the left ventricle. This explains the production of thickened 
vessels in vigoi-ous people, and comparatively early in life. 
These are the people who, when they are seen early enough, 
have thickened and well-filled arteries, but in whom under 
appropriate treatment the thickening may disappear. If it 
does not dLsapjiear it is structural. When hypertonus 
persists it must lead to hypertrophy, hypertrophy teing 
the normal result of such a condition. In my own obser\'a- 
tions, when the condition was permanently eatal)lished, I 
found that not only was there this thickening of tlie media, 
but a thickening of the intima also, and sometimes of the 
adventitia in addition. The thickening of the intima is the 
result of a long-continued irritation of its tissue by substances 
present in the blood. Savill does not seem to have noted 
this intiraal thickening in his cases ; while the French 
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school is strong on intimal thickening, and says nothing about 
the media. Senator thinks that when arterio-sclerosis can be 
recognised clinically, it is extremely probable that all three 
coats are affected ; but then he does not sejjai-ate atheroma 
from his conception of arterio-sclerosis ; and in atheroma all 
three coats are affected, but very differently to arterio- 
sclerosis. It seems to me that this failure to separate the 
two pathological conditions of atheroma and arterio-sclerosis has 
prevented clinicians realising the significance of processes 
constantly going on under their fingers and eyes. 

The physiologicfil corner-stone of my contention is that 
the vessels contract under the direct influence of irritating 
substances present in their contained blood. The same sub- 
stances act upon the intima. The development of hyper- 
trophic and of hyperplastic thickening is the result, and 
has its analogue in other situations. 

The controversy as to whether a rise of blood-pressure 
precedes or follows vascular change becomes thus one of those 
circular arguments to which there is no end until the true steps 
of the process are determined. As in many morbid processes, 
the first step is an exaggeration of a normal process, and in the 
matter at present under consideration it is seen in tonus becom- 
ing hypertonus ; the blood-pressure in the hypertonic arteries 
not being determined by the constriction, but by the state of 
tonus of other vessels, and by the power of the heart. There 
is no absolute sequence ; for although hypertonus is the fore- 
runner of sclerosis, sclerosis need not follow hypertonua But I 
cannot imagine substances in the blood producing wide hyper- 
plasia of the tunica intima and not causing prolonged hypertonic 
contraction of the media, and its consequential hypertrophy. 

The term presclerosis is as undesirable when applied to 
the arteries as prehypertrophy would be applied to the heart. 
It belongs to the pseudo and ^;ara type of term, which is not 
regarded with scientific favour. The adoption of such terms 
tends to obscure truth, and even for the time to lull inquiry. 
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CHAPTER IX 

THE PRACTICAL APPLICATION OP THE 
PRECEDING CONCLUSIONS 

VESSEL SENSITIVENESS AND THE CLINICAL SIGNIFICANCE OF 

HYPERTONUS. 
THE INTEUPKETATION OF II/KMOMANOMETEU KEADINGS. 

In the preceding chapters conclusions have l)een arrived at, 
the practical significance pf which it is desirable to formulate 
at this stage, as it will make the teaching of the later 
chapters easier to follow. 

First — I have defined my use of the term Hypertonus ; 
and indicated the change in the arterial wall, and the diminu- 
tion in the vessel lumen which characterise it. 

Second — It has been shown that hypei-tonic contraction 
is CAused by the presence of substances of various kinds in 
the blood. 

Third — It has been argued that continued hypertonus 
leads to hypertrophy of the tunica media ; that this is 
cx)mmonly j^ssociated with thickening of the other two coats ; 
and that the term arterio-Kclerosis ought to be confined to 
these changes. 

Fourth — The relationship between vessel contraction and 
blood-pressure has been considered, and various errors have 
been dealt with. 

Fifth — It has been indicated that sclerosed vessels 
retain their contractility, and are not the rigid tubes they 
are commonly described as being. 

Sixth — The instruments used to measure blood-pressure 
only do so in normal vessels ; in thickened vessels the 
readings are largely influenced by the arterial wall. 

Seventh — As will be shown subsequentlv, in arterio- 
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sclerosis haemomanometer readings rise with hypertonus of 
the sclerosed vessels, and fall with its reduction, but thick- 
walled arteries never give normal readings. 

Eighth — Tlie hiemonianometer can supply a record 
which, as will be apparent later, is not only of interest, but 
of clinical value, when properly interpreted. 

The following chapters taken from my clinical observa- 
tions are used to illustrate my various contentions; but 
before passing to them I desire to direct attention to what 
may be regarded as vessel sensitiveness under the following 
head : 



VESSEL SENSITIVENESS AND THE CLINICAL 
SIGNIFICANCE OF HYPERTONUS. 

It is probable that vessel sensitiveness varies greatly 
in individuals ; judging, indeed, by the recognised differences 
in the tissues and organs generally of different persons, we 
are entitled to hold that like differences exist in the vascular 
walls. The recognition of this is of practical importance, for 
it leads us not to look at the vessels as a mere mechanical 
system of tubes, the pulse in which indicates the degree of 
heart power, but to form our estimate of the individual by 
recognising the state of his vessels. Looking at the patient 
with a true picture of his vascular system before our minds, 
our estimate will assuredly be more correct. In fact, no 
reliable estimate is possible without such a mental picture. 
A persistent hypertonus, for example, is abnormal, and if its 
presence is recognised it will lead us to appreciate symptoms 
which might otherwise be regarded as wholly fancifuL 
Such symptoms associated with vascular manifestation are 
often the firat steps and the beginnings of processes which 
become permanent anatomical changes. Begrets are from 
time to time expressed that we do not know, do not see, the 
beginnings of morbid processes; that we only know them 
when fully established. Here, as in all other departments 
of life, we only see what we have eyes to see. The coarse, 
the sudden accidents which befall man necessarily first 
attract attention ; the coarse results of disease long 
occupied men's minds: it is only now that we are in a 
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position to apprehend the suiitle inoditic-ationH wliich lead to 
manifestatious whicb were deemed unimportaut, if recognised 
at all, a relationship which it is now our privilege to recognise, 
at least in some tiegi'ee, and to make some useful application 
of our knowledge. 

The jKisitiun in outline is this : the individual, with his 
physical and mental endowments, the expression of hia 
heredity and environment, feeds himself. His tissuea and 
organs are nourished by a nutrient fluid whose intimate 
and subtle composition is determined by heredity, by what 
he eats, and by the activity or efficiency of his excretory 
functiona Even these last may Ije largely hereditary, or, 
what is equivalent to it, congenital. The hereditary factor 
is the characteristic of the individual, his " constitution," his 
Bpeciftl and peculiar chemico-vitnl composition : to what 
extent it can be altered ia still a much debated question. 
This factor, it may, however, be safely said, is more or less 
permanent ; but its manifestations depend upon the pabulum 
supplied to it. The man who is congenitally wliat we call 
gouty will assuredly manifest his heredity uuder certain 
feeding conditions, and will not do so under other conditions. 
His heredity may remain in abeyance ; whether it can lie 
eliminated by prolonged abeyance, whether it might, so to say, 
disappear from never being calleil out, is a problem difficult 
to determine with rigid accuracy. In this connection it may, 
however, be remarked that people who once show idiosyncrasy 
do not, in my experience, lose it. Persons who get m-ticaria 
from eating sliell - fish manifest their idiosyncracy right 
through life. An old friend of mine continued to Ije jmisoned 
by egg in the smallest quantity np to the time of his death 
at four-score years ; a lady, well on in middle life, lost in no 
degree the severity of the symptoms of spinal cord poisoning 
which infusion of ordinaiy tea induced in her. So through- 
out the whole mass of individuals there is this personal 
factor; and equally in the individuals with whom we have 
to deal this hereditary factor can be motUfied, can be helped, 
strengthened or restnuned by the comp(wition of the blootl. 
Not that the blood-forming organs are alteiwl, but their 
working is and must he modified by the blood supplied to 
them; while outside the indirect contributions from those 
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organs the blood depends directly upon the feeding. But 
the blood channels are not only the conduits for carrying 
nourishment, for supplying the raw material from which 
various elements and ingredients of the blood itself are 
manufactured ; they are also the sewers of the body, taking 
away the waste from every cell and organ. The efSciency 
even of this function may be determined by heredity, for it 
depends upon the thoroughness of the metabolic and katabolic 
l)rocesses in the individual cell,^ — that is, upon its inherent 
vigour. We may not be able to greatly increase that vigour, 
but we can do much to prevent its being paralysed by an 
excessive call for work. If we understand the scheme right 
we can prevent the low-vigour cells being deluged with 
pabulum, which not only tliey cannot utilise, but which 
smothers the power they do j)osses8. The medical problem 
circles round the three factors of hereditary character, 
pabulum, and excretion. Fortunately, the pabulum conduits, 
which it must be realised are also the sewage conduits, are 
not mere elastic tubes, but living tubes, responding to the 
composition of the contained blood, narrowing their calibre 
when the blood contains some hurtful substances, dilating 
when imralysed by other substances. That this property 
of direct response on the part of the vessel wall to the 
composition of the blood has for its object the protection of 
the tissues seems to me to be its true explanation ; it takes 
away the purely physical conception of the circulation, and 
raises our conception of it to a level with our conception of 
other systems. 

We thus come to the conclusion that sustained hyixjr- 
tonus indicates the continued presence of substances in the 
blood which act by irritating the vessel walls, leading to 
their hypertonic contraction. These substances betray their 
hurtfulness by their action, for sustained hypertonus is hurt- 
ful : it raises peripheral resistance and keeps it unduly high ; 
it i)re vents the i>erii)heral flushing with blood which is 
re(|uired for full cell vigour, and for the comi)lete removal 
of refuse and waste. 

Tliis is a large general isjit ion, and yoL it is no sooner 
put into words than its truth is apparent. Tlie knowledge 
we already possess warrants us in regarding this as a fact- — 
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k a8 a law — aa the fundamental fact on which a correct con- 

^ ceptioD of the relatinnship between nietabohsm and the 

i circulation is to he based. It becuniea a new guide to us, 

an indicator of the more subtle changes taking place in the 

fluid upon which health and vigour depend. 

This ifl not only true of noi-mal veasels, it is true of 
I Bclerosed vessels ; their lightening np indicaUs the prexTUe of 
I deleterious substances in the blood, they relax as these are 
L removed. The proposition that sclerosed vessels can l)o 
I more sensitive than normal vessels to such mtlneQces has 
I been a difficulty with some of my frieuds, yet it has been 
[.shown by the physiologists that vessels tieconie more 
[sensitive, acrjuire an " exaggei"ated irritability," to some of 
I constrictor substance.'*, referred to in previous chapters, 
er degenerative section of the vasomotor nerves. It 
jema to me that in the sclei'osed vessels of old people this 
extreme sensitiveness is sometimes very marked, and 
although, as I have stated in Chapter IV, page 29, there are 
certain possible fallacies, there is no doubt as to the 
I existence of this extreme seusitivcuess, and that it persists 
E' after nerve impulses have clearly become dulled. The 
r recognition of this is of immense importance, for arterio- 
sclerosis may be uuiiccompanied by symptoms requiring 
medical skill, whereas the advent of by per ton us always 
heralds symptoms referable to one or other organ. The 
I hypertonus becomes thus an indicator of blood condition, not 
Wat nerve-centre perturbation. The bmin perturbation, when 
l.present, is of vascular origin. 



fTHE INTERPRETATION OF H^MOMANOMETER BEADING8: 
ANaiOHJJMOMANOMETER OR ANGIOMANOMETER. 

From what has been said in ]>reviou8 pages it will have 

■tiecome apparent that my contentions lead to the conclusion 

lat the two factors in the deteniiinatimi of nrti-rial pressure 

f eompressibilifj/, as measured by the iustniments in use, are 

I ilaod^rexsure, and (2) t/ic thickness of the vfdl and thr 

arfion il bears to thr himev- 

I observations are maile on jtcrsons witJi soft and 
unthickencd vessels the arterial pressure ap- 
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parently corresponds with the pressure that would be 
obtained were a cannula introduced into the artery. In 
such persons there is a rise and fall of pressure equal to 
about 20 mm. Hg. in the 24 hours. I do not doubt that 
there is this measure of variation in true blood-pressure. I 
do not question the proposition that the instrumental 
readings record this, and that in the noimal daily variations 
the state of the vessel wall may be negligible; and yet it 
will commonly be found that the higher readings coincide 
and correspond with some hypertonic contraction of the 
vessel wall. As soon, indeed, as readings go above normal, 
it will, in the vast majority of instances, be found that they 
are accompanied by a definite thickening of the radial 
wall, and that the fall in pressure coincides with the soften- 
ing and relaxation of the artery, and corresponds with it. 

The artery we depend upon for our finger observations 
is the radial, while the vessel compressed is the brachial ; 
and it is well to bear in mind that the condition of the wall 
of the brachial is not always duplicated in the radial, or 
mce versa ; in the great majority of instances it is so, but one 
meets with exceptions on both sides, sufficiently few, however, 
to prove that correspondence is the rule. 

When the radial is thickened from structural changes 
the pressure remains constantly above normal; the degree 
of thickening and its proportion to the size of the lumen 
determining the height of the instrumental reading. When 
a thick vessel tightens up in hypertonus the reading increases 
by from 20 to 40 mm. Hg. or more, and falls as it is relaxed. 

The fact that, with a thick vessel wall, the reading 
often never falls below say 200 mm. Hg., no matter how 
poor the power of the wave inside the vessel may be, and 
no matter what means be taken for the reduction of the 
reading, is really an absolute proof that the vessel wall 
takes a large share in the resistance to the compressing bag. 
That being so, it necessarily follows that the vessel wall, 
save in the perfectly normal vessel which is only open when 
it is full of blood, has to be reckoned with. The contrary 
contention has entirely discredited the use of the haemomano- 
meter with many accomplished clinical pathologists, and the 
result is not to be wondered at. 
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When it is recognised that the arterial wall is such an 
important factor it will be found that some moderately high 
pressures, say 140 to 150 mm. Hg., are due to hypertonic 
thickening, and that botli pressure i*eading and thickness of 
wall can be easily reduced to normal ; that in other instances 
still higher pressures, say 220 to 240 mm. Hg., can never 
be reduced to normal, but that a lowering of 20 to 40 mm. 
Hg., or rather more, may be induced, and that it corresponds 
with a measure of wall relaxation which is readily appreci- 
able to the finger. The fall is the result of the relief of the 
hypertonus. I have already said it is the hypertonus which 
is the essential phenomenon ; and as hypertonic contraction 
still further thickens the wall and reduces the lumen of a 
sclerosed vessel, the reading must be raised under the circum- 
stances, and will fall with the disappearance of the hyper- 
tonus. I do not believe that any who have the abundant 
opportunities of carefully watching thick vessels that I have, 
will have any serious difficulty in satisfying themselves as 
to the correctness of these statements. I must, however, 
again add a warning note to the effect that feeling the 
radial is not always a reliable guide as to what the brachial 
pressure is to read. I have already referred to this, and I 
shall only add that in some cases the radial artery and its 
pulse would not lead one to suppose that the brachial 
pressure would be high. I have two such cases under 
observation as I write this, the radial artery being neither 
hard nor incompressible, and yet in both there is a 
steady reading from the brachial of over 200 mm. Hg. In 
another case, also under present observation, in whom 
frequently repeated doses of erythrol dilated the capillaries 
so that the patient became ruddy in appearance instead of 
pale and haggard looking, and yet his brachial pressure, 
which was over 200. was not reduced. On the other hand, 
the brachial pressure may be lower than the state of the 
radial suggests. I have seen calcareous radials the pulse in 
which was stopped by a brachial pressure of 200, while had 
the brachial b^n like the radial its wall could only have 
been compressed by splintering it. One other reservation 
has to be made, namely this, that occasionally a pressure of 
110 mm. Hg. will become 120 by relaxing the vessels — 
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the wave in the radial becoming larger and more vigorous. 
I have not seen many instances of this, and at first they 
were perplexing, but the explanation seemed to me to be 
clear, namely, that the relief of hypertonus freed the heart 
and allowed it to act with so much greater vigour that the 
loss from the change in the vessel wall was more than 
balanced by a true rise in blood-pressure. 

I mention these apparent exceptions to the propositions 
I have submitted, for I believe that their occurrence has mis- 
led observers. I acknowledge the difficulty they presented 
to myself, but steady and close observation in due time solved 
the riddle, so far as I was concerned. 

Were I ambitious to add another word to the rich new 
vocabulary in medicine, I would suggest angiohccmomanometcr 
as a further development of the word hremomanometer, or 
angiomanomcter as a satisfactory substitute for hsemomanometer. 

REFERENCE. 
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CHAPTER X 

HYPERTONUS AS SHOWN BY THE 
SPHY'GMOGRAPH 

The following four cases are representative of classes of cases. 
They all showed hypertonic thickening of the nulial arteries 
when they came under ol)servation, and tliey were all treated 
by anti-spasmodics with a view to the relief of arterial 
hypertonus. The results of the treatment on the arteries are 
shown in the sphygmographic tracings. 

Case 2. — A man, aged 35 years, came to me at the 
Edinburgh Royal Infirmary complaining of headache and 
general weakness and insomnia. He was a strongly-built, 
well-nourished man, but was somewhat pale. He had been 
working at his present occupation for three months, and 
before that time had been welL The radial artery was 
markedly thick, the thickening being uniform and extending 
right up the arm. In fact, it presented the characters whicli 
would commonly be described as " arterio-sclerotic." The 
man was young, and this, combined with his symptoms and 
the absence of any evidence in the urine of renal disease, led 
me to Surmise that this vessel condition was largely one of 
hy|)ertonus and that, even assuming that there might be 
some degree of thickening, his complaints were due to the 
hypertonus and to the cause, whatever it might be, producing 
it. A sphygmographic tracing was taken, and he was 
admitted into Ward 23. Some doses of erythro-tetranitrate 
demonstrated that hyj)ertonus was accountal)le for most, but 
not all, of the radial thickening ; this drug, wliilo relaxing 
arterial spasm, does not, of coui-se, remove an organised 
thickening. In this case tlie thickening was greatly reduced 
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by reliixiiig th« spasra. The sphygmugvaphic tracing may be 
compared with the former oue. The existeute of hypertomis 
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fir.. 22. — After erytlirol. 

iu thia case was of special interest, &s we found aftorwartls 
that the man had had syphilis. 

Case 3. — The following tracings were also from a patient 
in Ward 23 sufiering fi-om spasmodic asthma. He was a 
man, aged 53 yearw, jiud it wjim iiiilti- clear that wlien th(> 
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Frr,. 21.-Anp|-liq\inrtririitrir^i, 

asthliiatii' spuHin siii>ervonciI liis railial (iilcrie.s liecauie 
markedly tighttneil up. Tlie fuUuwiiig are the pulse 
tracings during the asthmatic spasm, and after its relid by 
means of liquor trinitrinL 
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Case 4.— These tracinf^ were from n man, aged about 
60 years, also in Wanl 2^. suftVring from extreme orthopnojft, 
due to myooanlial degeut'rutii in. The voaaola were tbickoued, 



I 




Fig, S6.— Aftor relasalioa of radiul uriuy 



■but they also seemed to me to be in a condition of hypertonns. 
\Me got great relief fi-om the adtiiiniatratioii of anti-spasmodica 
i^hich relaxed his vessels. 

Case 5, — Tlie next tracings were from an old man, aged 
70 yeai-s, who was under my observatiou for years in Queens- 




berry House. He was subject iu bis later years to recurring 
attacks of " renal asthma," during which his permanently 
thickened vessels quite appreciably tightened up and -became 



HYPERTONUS AS SHOWN BY SPHYGMOGRAPH 

thicker. The sphyginograph gave the following tracings 
during the attacks and in the inter\'al8. 

In these four cases the difference in tlie pulse wlien 
tiglitened and not tightened was quite appreciable to the 
finger. The sphygmograms entirely l)ear this out. Under 
hypertonus, with the well-filled thick-walled artery, the swing 
of the lever is less, the percussion stroke is shorter and less 
abrupt, the summit tends to be more rounded, and the pi-edi- 
crotic notch less evident. When the hypertonus passes off all 
this is altered. 

In the chapters which follow I endeavour to show, firstly, 
the association of hypertonus with sclerosis ; secondly, the 
significance of manometer readings in a number of abnormal 
couditions ; and how when correctly interpreted the records 
are both interesting and helpful in everyday practice. 
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CHAPTER XI 



PlUE CLINICAL SIGNIFICANCE AND VALUE OF 

h,*;momanomktkk observations in AD- 

VANCED INTEHSTITIAL NEI'HHITIS 

The condition to which we instinctively turn in the first place 
fop the clinicttl proof of the accuracy of the contention as to 
the influence ot the arterial wall in high hainomanonieter 
readings is advanced interstitial nephritis. In it the 
vessel changes, which are very marked, are uni\'erBally 
reeognised. Such vessels as the radiale and temporals, to 
which clinical observation is commonly confined, are extra- 
ordinarily thick and hard, and compared to whip-cord. The 
pulse in such vessels is, as has been already mentioned, 
UBiially described as a "high-tension pulse," as an "incom- 
pressible pulse," or as a " hard pulse." Medical literature ia 
full of these terms, and there is abundant evidence available 
to prove that what was meant by them was really blood- 
pressure. The conception was that there was peripheral 
resistance, that to overcome this the heart worked with 
increased vigour, tlie consequence of which was heightened 
pressure inside the vessels, and from this arose the conception 
of " high-tension " pulses. Blood-pressure measuring instru- 
ments have been used to illustrate and to support this view, 
so we propose to follow the same method of investigation, 
with a view to ascertaining the significance ot the records 
these instrntnenta give ua 

As a preliminary to this I present in Figs. 29 and 30 
sections of the radial artery taken from two cases, Ixith fatal, 
from lai^ cerebral hitmorrhage. Fig. 29 was taken from a 
young man of 28 years, who was known to have subacute 
interstitial nephritis, and whdse radial artery was thick and 
hard. After a day or two of energetic treatment for uriemic 



INTERSTITIAL NEPHRITIS 

in rj-trrmis from iirirmie tlyspncea with acute eugorgement 
of the lungs. She }iacl heen under treatment on otie or twn 
> occasions for some eye condition. On . admission to the 
medical waixis her condition was as follows. The radial 
arteries were very hard and thick, the heart was enlarged and 
thumping ; the urine contained alhumin, casts, and some red 
blooil cells. The urea was i grains ])cr ounce. There was 
no oedema. In June the ha'iuomanometer gave a reathng of 
280 to 290 on the only occasion I at that date usetl the 
instrument for her, 

Tfiis patient was in hospital for months, the rough 
history of her condition being that from time to time she 
threatened to hecome uramie, and was actively treated when- 
ever the symptoms manifested themselves. The " blood- 
pressure" taken on lUfferent days and at diftereut hours 
during September are given below to illustrate the variations, 
while some remarks are added. 

Mo.. Hj!. 
!r) 260 (;on3tip.ited 

„,-,) Bowela have been freolv 
■ 2^° I. moved. 



14. MidnigLt 
IB. Nr>on 



11 p.m. 
Midniglit 

8.30 p.in. 
1 p,.,>. 



' I Nothing ?]iecial Ici note 
I V regarding her condi- 



(■UriBinic Bince IBth; 
266^ bei'n ti^'ttted \>y liot 

I. iiaek, etc. 
2ri0 After hot pack. 



2451 Urieniic aymptonis 

S3iJ I Bubeided, condition 
!24uJ much improved. 



The pressures in this patient are thus shown to have 
L varied between 270 and 230,- — below the latter figure 
I pressure did not fall. It was noted in this case that if the 
r bowels were not moved the pressure rose, while after being 
[ moved there would be a fall, as seen on the 10th and 12th, 
Iwhen it fell from 260 to 250. The effect of hot packs in 



HuEMOMANOxMETER OBSERVATIONS 

reducing the pressure is also shown. When symptoms of 
uriiemia began to show themselves there was a quite definitely 
palpable increase in the thickening of the radial artery from 
increased contraction of it. This is the change commonly 
spoken of as increased " tension," and is thought of as blood- 
pressure, when it ought to be regarded as vessel tightening up. 
With this increase of contraction and of consequent thickenmg 
the haemomanometer always gave a higher reading, while as 
the vessel relaxed the reading felL In this class of case, 
with a hyi^ertrophied and strongly acting heart and the 
blood well filling the vessel, the use of the term "raised 
tension " is not unreasonable ; the great drawback to it is 
that it has led to the essential fact being obscured, for it 
has not been recognised that the tightening up of the vessel 
itself is the important and essential part of the phenomena. 
The measure of increase in the intra-arterial pressure, which 
is, of course, the only true blood-pressure, has been not only 
much overrated, but it does not even necessarily occur. 

Case 7. — Mr. S., aged 62, was sent to me from the 
North of Scotland, and his condition was such that I advised 
him to go into the Royal Infirmary. He was admitted on 
the 10 th September. He complained of his eyesight 
having failed greatly, and on examination he was found to 
have extensive albuminuric retinitis. The radial arteries 
were very thick and hard ; the heart was enlarged, and its 
impulse forcible. The urine contained albumin and casts. 
He had morning vomiting. The haemomanometer gave a 
record of 260. After some improvement under careful 
dieting and medicinal treatment he became steadily worse, and 
died on the 15 th, five days after admission. 



The following observations were made on this patient's 
arterial pressure : — 
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Sept. 12. 4.30 p.m. 
9.40 „ 

13. 11 a.in. 
1 p.m. 

3 „ 

7.15 p.m. 

14. Noon 
8 p.m. 

15 Noon 
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Mm. Hg. 
(Oliver) 270 
245 
220 
245 
240 
260 
265 
300+ 
295 4- Died in afternoon. 
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In this patient, while the hiumomanoraeter gave pressures 
which fell from 270 to 220 as the result of treatment, this 
Patter figure was the irreducihie uiiiuiiiuiii. The varjiitions 
mJD th(! readingH could be appreciated liy the linger, — tlie 
Fnidial definitely relaxing as the pi'essui-e fell. The un- 
tavourable coiirae was characterised by increasing constriction 
'of the radiala, and a con-espnnding rise in luemomanonieter 
reading until the heart failed. The changes in the radial artery 
were unmistakable to the educated finger. Tlie conclusion 
tliat in the final stage of this disease the vigonr of the heart 
can rise to something like 200 jier cent, above the normal 
is unavoidable if the readings of (mr instniments are to l>e 
taken as representing Uood-jircssurr.. To me tiie projioHition 
that witti the failing heart in this patient the blood-presBure 
was rising seems little short of grotesriue. Whereas the 
increasing tightening up of radial arteries — the wall thicken- 
ing and the lumen diminishing — -gives a I'easonaljle explanaliim 
of the iuBtrumental readings ; and these alterations were 
unmistakably to be felt by the finger. They can even be 
seen when the vessel is superficial in position. 

Cake 8. — Mr. M., aged 40, was sent to see ine about 
the middle of .Tuly 190G. He had only been conscious of not 
feeling well since about the beginning of the year. It was 
known that he had albiuninnria, and tlie question was 
whether he was to be allowed away from home for a holiday. 
When I saw him the radial arteries were very thick and 
hanl; the pulse was freijuentj beating over 100 per 
minute, while the wave was small and feeble. The heart 
was enlarged, and the first sound was faint. I advised that 
he should go home, go to bed, and be carefully wateheil and 
treated by his medical attendant. The prognosis I considered 
was extremely gloomy. After being kept in bed till alxiut 
the end of July, I was asked to see him again. He had 
improved considerably, and I was sanguine that the improve- 
ment would continue and make further advance. This 
seems to have been the case for sume time, but he somewhat 
suddenly became worse, and died after a con\'ulsive seizure. 
The second time I saw him the h^momanometer gave a 
reading of 250 mm., which was the only observation 
made. 
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This is a type of case one sees from time to time in the 
consulting-room and in hospital They may or may not have 
been under skilled observation, symptoms having sometimes 
been disregarded. In such cases it will be found that the 
higher the pressure reading exceeds 200 the nearer is the 
inevitable end. It means a greatly thickened artery, and a 
tightly constricted one, — the former a permanent anatomical 
thickening, the latter a hypertonic contmction. The latter 
factor is due to the blood, loaded with nitrogenous waste 
products, so irritating the vessel wall as to lead to its contrac- 
tion, just as we have already seen that digitalis acts. 

In fact, in this disease we have a demonstration of the 
contention that " waste products " in the blood act upon the 
vessels by constricting them. This is a recognised fact 
although there is a curious hesitancy in fully applying it. 
However ignorant we may be of the precise nature of the 
" waste products," the state of the kidney leaves it un- 
questioned that normal depuration is grievously hindered. 

Case 9. — Mrs. M., aged 37, was admitted to the Royal 
Infirmary on 22nd September. The radial arteries were thick 
and hard; there was albuminuria, and both eyes showed 
marked albuminuric retinitis. The highest manometer 
reading I have of her artery is 235 mm. Hg. She stayed in 
hospital for a few days only, as she wanted to return to 
her family. 

The following observations were made in this patient : — 



Sept. 22. 8.30 p.m. 
11 



» 



Midnight 
„ 24. 8.30 p.m. 
„ 26. 1 „ 



Mm. Hg. 
(Oliver) 220 
230 



200/ -^^^^ magnes. sulph. 
\ had acted freely. 



206 
210 
235 



In the preceding three cases in which a number of 
observations were made, the readings varied in 

Case 6 . . . from 230 to 270 mm. Hg. 

Case 7 . . . „ 270 to 300+ do. 

Case 9 . . „ 200 to 235 do. 

while iu Case 8, with one observation it was 260 do, 
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If the nonnal be taken as 100 to 120 — -the preciae 

1 not being of much importance for our present purpose 

—we have here four cases with an inci'eaBe of from 100 per 

I cent, upwards — two, two and a half times, almost three 
times the normal. And we are asked to accept this as 
" blood-presBure " 1 The claim, if it means anything, is this, — 
owing to conditions in the blood tlie peripheral resistance is 
increased, and the heart, responding to the call for more work, 
increases in power so as to cope with the resistance, and 
develops a power which gives even in the brachial artery a 
pressure from say twice to two and a half times more than 

I the normal. With the fullest appreciation of the reserve 
power in the heart we cannot but think there is a big cn-ov 
here. Taking Case 6 as the case in which tlie greatest 
number of olisei-vations were made, it is seen that the readings 
ranged from 230 to 270, a margin of 40, but below this it 
never fell; in Case 2 it never fell below 220; and in Case 
3 never tielow 200. The lower figui'es were in some 
instances the direct result of treatment, hut no kind of treat- 
ment reduced them further, — this apparently was tlie 
irreducible minimum. In all four cases the disease was the 
same, and in all there was great and permanent thickening 
of the arterial walls. Now what is done by such instru- 
ments as we use is this — the pressure in them is raised 
until the arterial circulaLiou ie arrested in the part ; this 
means that the artery is so compressed by the pressure of the 
Burrouuding soft tissues that ita lumen is ublitemted. The 
result depends, therefore, upon the compressibility of the 
artery, and the compressibility of a tube, as has been alreiidy 
shown, depends upon the thickness of its wall. The question 
has been dealt with from the jmrely physical side, and it is 
seen that the clinical facts, in the condition dealt with in 
this chapter, are in complete harmony with them, and indeed 
with common knowledge as well. 

In our four cases there was no doubt about the great 
thickening of the arteiles; and this must be regarded as 
ha\'ing been u large factor in detennining the liigh mano- 
meter readings. The de'jree of thickness of the arterial wall 
becomes therefore a factor of high value in detennining the 

1 height of htemomanometer readings. Tlie cases gave further 
8S 
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pr(X)f of the accuracy of this. It was quite unmistakably 
observed by the finger that when the manometer readings fell 
the radial artery became slightly softer and larger. This was 
corroborated by others, for when attention was directed to 
the changes in the radial artery I found that my assistants 
and others soon acquired the faculty of recognising the 
changes, and soon became much interested in their observa- 
tion. On the other hand, when the vessel tightened up the 
manometer reading rose. The relaxation of the radials soon 
after the administration of erytlirol I have demonstrated to a 
cliiss of graduates, and shown that it corresponded with a fall 
in manometer reading. In the same way a hot pack relaxes 
the radial artery so as to be apparent to the sense of touch, 
while the manometer reading was reduced ; so also, after 
pui'gation or free bowel movement, there was relaxation and 
lowered reading. Instead of recognising and watching the 
vessel changes in this disease, clinicians have thought only 
of the blood-pressure in the radial artery ; and I do not 
doubt that the increased thickening or hardening of wall was 
usmilly called tension, and thought of as blood-pressure. 

The determination of how much is blood-pressure, and 
how much is to be attributed to the increased thickness in 
the vessel wall, does not seem to me to be cajmble of instru- 
mental proof. The lowest record in these four ciiseswas 200 
mm. Hg. and no matter what measures were taken this great 
heightening in the readings persisted, just as tlie thickening of 
tlie arterial wall persisted, and to which I contend it was due. 
The readings, however, rose and fell. In Case 6 a pressure of 
230 would rise to 270, a rise of 40 mm. Ilg., a greater rise 
than the pliysiologists tell us takes place after violent exertion : 
and we are asked to believe that a heart already doing 100 per 
cent, more work than normal finds no difficulty in doing this 
extra 40 mm. Hg. In Case 7 the pressure rose to over 300 
mm. Hg. wlien the patient was dying and the heart giving 
out. I submit that when these rises ocxjur the radial artery 
contnicts, that as a consequence its wall still further thickens 
and its lumen diminishes ; and, seeing tliat the arterial wall 
takes a laige share in giving tlu? liigli manouieter readings, 
this hyjxirtonic contraction of the sclerosed vessel explains 
the further increase in tlie manometer reading. The hyper- 
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tonic contractiou, or 1 have ab'eady said, can be followeil liy 
the finger, so that tliere is no doubt whiitever as to its taking 
place. What the bliiitd-presHure is inside Uiat tightened-«p 
artery is a totally difterent problem, and one which can only 
be dealt with and investigated indirectly. I submit that th© 
readings do not represent blood-presenre. That the state 
of the arterial wall in siiHleient to explain them is probably 
not far from the precise truth. In fact, my belief is that not 
only in chronic kidney disease, but in all disorders, the arterial 
wall has to lie given a prominent place when hii^momanometer 
readings are interpreted. That being so, vessel thickening, 
whenever pi-esent, takes from ha^momauometer readings the 
value which has been attributed to them as records of real 
blood -pressure. 

At the same time, it muat be equally insisted upon that 
these records are of interest and of value, and are not to be 
put aside as worthless, — the fate which has befallen them at 
the hands of not a few very able and critical physicians. 

With arteries such as are invariably luet with in 
advanced interstitial nephritis high readings will always he 
got ; but, as has been shown in Llie preceding cases, there la 
a wide mnge of movement in the readings, according to the 
condition of the patient, although tJie high level is always 
maintained. This range hidicates the margin within which 
remedies act, and the etlect of these will be found to be use- 
fully defined and represented by the readings. Had I to 
make the choice I would select to have my fingers rather 
than the ha;momanometer ; but I am glad to have both, for 
the instrument gives me a record of numbers which I can pre- 
sent to others, while the skill (jf my fingers belongs entirely 
to myself, and cannot be transferred to a chart. The instru- 
ment, in such cases as those recorded, gives a minute record 
from hour to hour, and day to day, of the state of the arteries ; 
and as my contention is that the \'arying degree of artoiial 
contraction depends uiwn the condition of the blood, the 
readings indicate that condition, and they thiis become an 
invaluable guide to treatment, and to the daily management 
of these critical cases. It is desirable, however, to ai-'centuate 
the point that a high pressure is not necessarily un indication 
tli&t relaxing and reducing treatment is to tie adopted In 
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Case 9 a pressure of 235 could stand active measures for 
reduction; in Case 6, with the pressure reduced to 230, it 
would have been unsafe to have continued the relaxing 
treatment longer ; while in Case 7 I was not satisfied that 
the pressure, when lowered to 220, had not somewhat 
overstepped the safe limit. It is here the skill of the physi- 
cian's finger comes in, — it is by that means that the wave 
inside the hard vessel is estimated, and no instrument can 
d6 this for us, nor, I venture to predict, will an instrument 
ever be devised to replace the tactus eruditics. 
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CHAPTER XII 

THE INFLUENCE OF THE ALIMENTARY SYSTEM 
IN CAUSING ARTERIAL HYPERTONUS AND 
SCLEROSIS : FOOD, DIGESTION, CONSTIPATION, 
AND ALCOHOL. 

THE INFLUENCE OF DIET ON SCLEROSED VESSELS. 
THE INFLUENCE OF DIET ON THE ADRENALS. 

It has been long and fully recognised that certam conditions 
having their origin in the alimentary tract were accompanied 
by changes in the pulse. The changes have come to be 
generally referred to as alterations in blood-pressure ; altera- 
tions which modified or changed the relation between the 
vessel wall and the circulating blood within it. The terms 
in common use to define the change have been " incompres- 
sibility " and " tension " ; tenns indicating either the conception 
formed of the strength or force of the stream, or the state of the 
vessel wall as determined by the blood inside it. That these 
terms have come to be very inaccurately used by many 
practitioners will not be disputed. Controversy has taken 
place as to the meaning of the word " tension," and, so far as 
I am able to judge, the word as used in clinical medicine has 
not the same significance as it has to the pure physicist. The 
word has been borrowed from physics, where it has a very 
wide significance, and applied in clinical medicine to indicate 
one set of phenomena. To the purist the use of the word in 
medicine tends therefore to be either an offence or a stumbling- 
block. It seems to me that in clinical medicine it is used to 
express the mechanical effect of the circulating blood and the 
pulse wave upon the vessel wall as it can be estimated by the 
educated finger. The effect depends of course upon the ful- 
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ness of tho vessel. If the vessel continues well filled during 
diastole, the wave which travels along it with each cardiac 
systole gives to the finger the feeling of greater fulness, with 
a sense of obstruction in the vessel wall to the stretching. 

It is these two factors which are comprised in the word 
" tension " as intelligently interpreted. The feeling of greater 
fuhiess, which may be present even during diastole, is produced 
in the radial artery in two ways — namely, by a constriction of 
the vessels on the distal side of the wrist, or by a contraction 
of the radial artery itself. 

This sense of increased fulness is due in the fii*st of these 
to a local increase in the amount of blood in the vessel 
and to a local rise of blood-pressure in the radial artery. 
No change in the action of the heart is necessary for the 
production of this efl'ect ; it is the inevitable effect, and it is a 
purely physical phenomenon. It can be felt in the radial 
artery by keeping one finger on it when the vessel is 
obliterated by another placed on the distal side of the 
point selected. It can also be shown by compressing the 
supcrjicialis voice branch while a finger is on the radial 
at the wrist. In both these simple procedures the radial 
artery is felt to become fuller and therefore tenser. Tlie 
same feeling of fulness may be produced by the radial artery 
participating, as it commonly does, in cajiillary contraction. 
The contraction thickens the arterial wall and brings it into 
a different relation to its contained blood. As liroadbent 
long ago pointed out, the normal artery during diastole is 
oval when viewed in transverse section, while the passage of 
the pulse wave altera the oval to a round. When an artery 
is hypertonically contracted it changes from the oval towards 
the round, until with sufficient thickness it maintains the 
round outline. It follows tliat when tlie pulse wave i>asses 
along the hypertonic artery it gives througli the finger a sense 
of greater resistance. I venture to believe that this was the 
" heightened tension " of our best clinicians. That confusion 
should have arisen between clinical observation and physio- 
logical teaching was inevitable. To the initiated, fcnsum 
meant this relation between the blood and the vessel wall ; 
and it was the true appreciation of this relation which re- 
vealed the factns ei*uditus of the physician. 
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The idea of " fulness " in an artery is thus easy of inter- 
pretation, and is used in quite a sound sense ; but it has given 
rise to another conception — namely, that there is an increased 
volume of blood — not a local but a general increase. This 
is not by any means so sound a view, although common 
enough ; and it is one of the views which has shared not 
a little in hindering a more correct understanding of the 
phenomena presented by the circulation in a great variety of 
general disorders. The idea of increased volume of blood is 
of course the " plethora " of the past century, not to go farther 
back; while the idea of "depletion" as the remedy for 
" plethora " has survived, although transferred from blood- 
letting to purgation. 

This fulness of blood, or full-bloodedness, was commonly 
associated with the idea of high, or large, feeding, and the 
free use of alcoholic liquors. It naturally enough was 
literally interpreted as the result of a too abundant supply of 
nutriment added to the blood. This type was seen in the per- 
son of florid face, bulky frame, and full, strong, and hard pulse. 

The effect of the condition of the alimentary tract upon 
the pulse was, however, also recognised in another type. The 
individual in this class did not so plainly show that he in- 
dulged to excess, but yet he too suflered from attacks of 
" biliousness " or of " disordered liver." In him also the pulse 
was of " high tension " — it was harder, firmer, and less com- 
pressible. 

It is indeed evident tliat a relationship between the 
alimentary tract and the circulation has been long recognised 
in medicine. The association of the two is no novel doctrine, 
for it forms now and has formed for generations the basis of 
treatment. The treatment has consisted of free unloading 
of the alimentary tract, and a reduction in the amount of and 
often an alteration in the kind of food and fluid usually taken. 
The result was the relief of the jyiitient's symptoms, while the 
reduction of ^>ie&e tension gave countenance to the idea of 
depletion. 

This is the common knowledge of the profession, yet to 
get the full meaning and the full value out of this common- 
place belief and proceeding, it is necessary to examine the 
matter more fully. 
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We may assume that it is generally acc<3pted that generous 
feeding and the free use of alcoholic and malt liquors lead to 
the condition of pulse which is called " high tension," especially 
if there be not daily, full, and free evacuation of intestinal 
contents. This is the gross type, and I think it is more 
common in some parts of this island than in others ; and it 
occurs without doubt more commonly in some classes than in 
others. The individual of this type often dies in com- 
paratively early life as a result of vascular changes in brain 
and kidneys. This gross type is readily accepted with all 
its clinical and pathological significance. It is accepted 
that liberal feeding and drinking lead to "raised arterial 
tension," to permanent vascular changes, and to early death 
the result of these. While this is the case, there is by no 
means the same frank recognition that there are necessarily 
minor degi'ees of the same class of phenomena, and that the 
minor degrees can produce similar results although taking a 
longer time to effect them. 

I take it that it was the gross type that determined the 
idea of plethora, and its treatment by depletion; and that 
this has prevented the learning of the lessons which the lesser 
degrees were capable of teaching. In the gross type the idea 
was a heightened tension from over-filling — the vessels were 
too full, and the consequent pressure upon their walls increased 
the risk of rupture. 

The more modern mode of expression is that "high 
tension " is due to " i)eriplieral resistance," and yet this peri- 
pheral resistance seems to have an elusive existence when an 
attempt is made to come to close quarters with it. I do not 
question its recognition by some, but tliei-e seems to be often 
a vagueness about it whieli is most imdesirable on such a 
very practical matter, and indicates a want of clear thinking 
which is equally undesirable. 

There is no one more entitled to define the position than 
Sir William Broadbent, who rightly ranked as one of our 
greatest clinicians. He regarded capillary resistance as the 
cause of high tension ; and amongst the causes of capillary 
resistance he included nitrogenous waste, and the products of 
imperfect metabolism. He also knew that capillary resist- 
ance might be due to contraction of the capillaries. This 
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aeems tti me to bo as far as he got. The term tc-asion Beems 
to have fiatlsfied clinicians, finil therefore to have lulled 
inqiiiiy ; the introihiptioii of the term hypertension is the 
latest corroboration of this suggeation. 

It soems to me tiiat the idea of " teneiou " has so 
dominated clintcal medicine that the great and fundamental 
fact in the phenonieua- — namely, the fact of arterial contraction 
as it occurs in the radial and other arteries — has been entirely 
overlooked. Thin contraction, which I have called hypertonic 
contraction, has been considered hi Chapters I. and IV., and 
it is unnecessary to repeat what has already been written. 
Here it is only necessary to emphasise the fact that the 
"high tension" of the "bilious attack," of the " disordered 
liver," of constipation, is determinetl by vessel constriction, 
and that that eonstrietion is in the systemic arteries. 
That the capillaries are contracted also is certain, but 
whether as part of the initial contraction, or as merely 
secondary to arterial contraction, it is difficult to determine 
with certainty. At the same time, I lUstinctly lean to the 
view that the initial contraction affects both capillaries and 
arteries, my grounds for the opinion being the conviction that 
in some at least of the gastro-intestinal conditions which lead 
to " high tension," the vessel contraction is caused by the 
direct influence on the vessel wall of substances absorbed 
from the intestine, acting as digitalis, ergot, and adrenalin 
act, and that the capillaries cannot be excluded from such 
influences or from such action. 

The question of tho precise relations of the alimentary 
conditions, which are the primary cause of the vessel pheno- 
mena, is somewhat complex and requires detailed examination. 

During the process of digestion there is a normal reflex. 
acting from the splanchnic area through the vasomotor centre 
in the medulla, which leads to. systemic arterial contraction. 
This, however, is only one aspect of the influence of the 
alimentary system upon the blood-vessels; the further effect 
may be produced by two factors — namely, the absorption of an 
excess of tho nutritive products of digestion, or the absorption 
of the products of intestinal putrefaction. 

Taking the first of these two causes, it is not open to 

ition that the big feeder presents the phenomena already 
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indicated. He eats more than his tissues require for repairing 
loss or maintaining energy, and, if he has a vigorous digestion, 
tFie conversion of his food into suitable nutritive pal)ulum is 
equally in excess, and his blcxxl becomes surcharged with 
materials which cannot be utilised, which have to be dis- 
integrated to make their removal possible. This extra work 
interferes with the metabolic processes necessary for the 
removal of the normal waste of tissue. In this way are 
supplied the " nitrogenous waste and the products of imper- 
fect metabolism " which lead to the " bilious attack " with 
its vessel contraction and high blood-pressure. 

The second factor to be dealt with is the absorption of 
putrefactive products from the intestine. 

In the case of animal food, which embraces flesh of all 
kinds and eggs, it will bo found that its retention in the 
intestinal tract leads to imtrefactive changea This putre- 
faction is brought about by the bacilli belonging to the colon 
group, wfiich are the normal occupants of this tract. The 
process of putrefaction occurs most readily in the organic 
compounds present in animal albumin. In fact, for clinical 
and practical purposes, intestinal putrefaction may be regarded 
as always due to the decomposition of animal food. There is 
an important exception to this — namely, milk. This putre- 
factive decomposition of animal organic substances occurs in 
constipation, and, of course, the necessary sequence is that 
constipation being present, the products of decomj^sition are 
not got rid of by the bowel, or are only got rid of in direct 
ratio to the measure of intestinal evacuation. Constipation 
thus leads not only to putrefaction, but to the retention in, 
or absorption from, the intestines of the products produced 
during putrefaction. In the breaking up or cleavage of the 
proteid molecule in the putrefactive process, a number of 
substances are produced, and are absorbed from the intestine. 
Some of these substances are known to have a toxic and 
injurious effect upon the body. They all belong to what is 
technically know^l as the aromatic series. The best known 
of them are skatol, indol, and i)henol. These aromatic 
products of intestinal putrefaction reach the liver, where 
they combine with sulphuric acid and are excreted in the 
urine as ethereal sulphates. The presence of an excess of 
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renl sulphates in the uriue becomes tlius tlie measure and 

;e of the degi'ee of intestiunl putrefaction jiresent. The 
meHSure of indican iu ttie urine has the same significance. 
The inrtol ia rapidly aljsorhed from the iiit«3tiuiil tract and 
carried by the portal blood to tlie hver, where it enters into 
looBe combination with the liver cells. From this combina- 
tion it is reailily detached, to become united with suljihuric 
acid. Before becoming thus imited, it becomes oxidised 
into indoxyl, so that when united it hetwnies chemiailly a 
potassium salt known as indoxyl sulphate of potassium, 
This substance is much less toxic than indol, finds its way 
into the blood, and is promptly excreted in the urine and 
known aa indican. 

In regard to the to.\ic properties of the substances 
referred to, there appears to be abundant room for further 
investigation into their action. The difficulties attending 
such investigations are necessarily very great, for it is to be 
t«meml>ered that in the human aubject — and it is in relation 
to practical medicine that these questions really interest us — 
the toxiemia is often a slow and long-continued condition, the 
Tery slowness of which is apt to arouse scepticism in the 
minda of those who have not looked into the more subtle 
processes carried on in the animal body. Such an authority 
as Herter is satisfied of the toxic properties possessed by 
indol; that, in adtUtion to its iwwer to produce evanescent 
contlitions as headache, irritability, and restlessness, it can, by 
its prolonged abs'trption, contribute to the jiroductiou of 
chronic nervous disorder. 

It may be askeil, how do these effects compare with 
effects following upon analogous processes in carbohydrate 
food ? And the answer is that wliile the fermentative pro- 
cesses which occur in them may lead to unpleasant symptoms, 
yet the substances profluced are by no means so toxic or so 
injurioits as those produced during proteid putrefactir)n. 

While constipation is such an iraptirtant factor in favouring 

putrefactive changes in the proteid contents of the intestine, 

is necessary to state that othei' factors operate or co-operate 

favouring these : defects in proteid digestion, due to dis- 

ler of gastric or panci-eatic function, may lead to very 

and incomplete changes in the prate id food 
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taken, and such incomplete transformation favours the 
onset of putrefactive changes. A further important side 
to this question is that a diet, very rich in proteid, may 
be thoroughly digested, may be thoroughly converted into 
albumoses and peptones and ready for intestinal absorption, 
but the absorption may be prevented or delayed in conse- 
quence of their quantity or abundance in the intestine. 
This delay in absorption is fatal to those highly evolved 
products, for the organisms which produce putrefaction find 
in them material on which they act with great facility. 
There is thus a considerable variety in the conditions under 
which intestinal putrefaction occurs. In all there is the 
common factor of absorption of the products of putrefaction. 

When there is this absorption of pittref action products from 
the intestinal tract, there is, in the great majority of cases^ 
the vessel contraction with which we are dealing — this is the 
main objective evidence supplied by the examination of the 
circulatory system, and, when present, the haemomanometer 
reading is high, that is to say, high as compared with what 
it records when the condition is removed and the vessel 
contraction relaxed. 

The symptoms and degree of discomfort caused by the 
absorption of the substances referred to varies within 
extraordinarily wide limits. Some persons are remarkably 
sensitive to the toxins under consideration. Old people are 
more sensitive than young or middle-aged people. It might 
naturally be assumed that individuals of the definitely nervous 
type would always suffer most, and that the labouring class 
would be but little susceptible to them. Wliile this assump- 
tion cannot be altogether set aside as incorrect, I am often 
surprised to find amongst the out-patients coming to me at the 
Royal Infirmary individuals of the labouring class suffering 
so profoundly from intestinal auto-intoxication as to be imfit 
for work. In some persons the manifestations of intoxication 
are so pronounced that they indicate a definite idiosyncrasy, 
an individual chemico-vital susceptibility, which is not, so far 
as can be seen, a matter determined by social class distinctions 
or by occupation. 

The question that emerges from the relations here 
submitted as subsisting between alimentation, the fate of food 
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in the alimentary tract, and tlie effect upon the comprjaition 
(if the hlood of absorption from that tract iar How much ia 
the effect npon the vessels to be attributed to the normal 
reflex acting through the vaHomotur centre iu the medulla, 
and how much to the direct influence on the vessels of 
substances present in the blood ? Which, for instance, of 
these is the main and leading factor in constipation ? Does 
the retention of excrement in the intestine continue so to 
stimulate the splanchnic systeui that the stimujation of the 
centre for vasomotor constriction is continuously maintained; 
or, on the other hand, does the continuous absorption into 
and tlierefore the presence of noxious substances in the 
blood bring these substances into direct contact with the 
vessel wall, stimulating or exciting it to a hypertonic contrac- 
tion i It ifl probable that both factors operate. There is no 
doubt as to the nervous reflex, and there is little doubt as to 
the other factor. It lias been already shown that certain 
substances added to the blood lead to vessel contraction 
without the aid of the nervoua system. It is of course 
always interesting to know the pi'ecise steps by which effects 
which interest us arc obtained ; but it remains to be settled 
whether the substances to wliich we refer and which cause 
veaael constriction act through the nervous ajiparatus or more 
immediately upon the muscle tissue of the vessel walL 
Even in this connection it is, however, to be borne in mind 
that when there exists a complex nervous mechanism it 
becomes involved in processes, although a like result can be 
obtained without its parti cijiatiun. This ia shown by the 
fact referred to earlier that the tone of arteries is soon 
restored after section of vasomotor nerves. I do not claim 
that the substances which act ns it is here held they do, have 
been individually and severally separated and investigated ; and 
yet I do not think any pliysician of experience questions the 
correctness of the general belief in " blood impurity," and 
that it commonly has its rise in disorder of the alimentary 
system, or is brought alwut, directly or indirectly, by absorption 
from that tract. The muddy complexion, the " dirty " 
conjunctiva, the face pimples, are the visible manifestations 
of the accuracy of the popular conception. That the blood- 
content is influeneed by what is taken into the alimentary 
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Bystem has much support from the common knowledge as 
to the production of urticaria by the ingestion of certain 
substances by certain persons. The extreme subtlety of 
blood-content is reiilised when a little shell-fish hi one person, 
a few gooseberries or strawljerries in another, will lead to an 
extensive urticaria which is only to be explained by the 
action of something brought to the surface by the blood. 
Although the sonuthing has not been separated and christened, 
it would be the merest scientific priggery to question its 
existence or to deny the sequence of phenomena. That 
deleterious substances enter the blood from the intestinal 
tract cannot be seriously questioned, and believing this, it is 
not necessary to occupy space in further argument in support 
of its truth. Tlie acceptance of this carries the acceptance 
of the minor truth, that the amount or quantity of such 
deleterious substances varies within very wide limits, and 
that whatever effect they may have will equally vary in 
degree. 

The fact on which I seek to lay great emphasis is that 
substances absorbed from the alimentary tract lead to vessel 
contraction. That fact seems to me to be fundamental and 
not open to (question. To my mind it seems unreasonable to 
suppose that such substances cause vessel constriction only 
through the systemic vasomotor centre. It has been seen 
how erroneous is the common tendency to attribute all such 
vascular changes to that mechanism, and that experimental 
investigation has proved that even substances which belong 
to our most important medicinal remedies act not through 
that mechanism but directly uiK)n the vessel wall. I contend 
further that clinical indications point to this direct influence 
on the vessel wall of substances absorbed from the intestinal 
tract, and that the common effect is a hypertonic contraction 
of the arteries. It is this arterial contraction which has not 
been recognised as the essential factor in the production of 
the " high tension " associated with certain conditions in the 
alimentary system, and which has been so much written 
about. I have failed to find any indication that the steps by 
which the " high tension *' was brought about ever got beyond 
the nebulous idea of " peripheral resistance." 

My contention at this stage may be thus stated : as a 
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result of improper or excessive feeding, of faulty digestion, or 
of defective bowel evacuation, substances are absorbed into 
the circulation whicli act upon the arterial and aipillary 
walls, leading to an abnormal degi-ee of contraction of the 
vessela The eH'ect varies with the intensity of the cause ; 
the duration of the eflect upon the continuance of the cause. 

When the major proposition is grasped, it imeningly 
follows that there must be minor degrees of the condition 
we have pictured. 

The acceptance of this proposition leads to the under- 
standing of the beginning of things — it shows the first steps 
in a process which has only been known in its fully 
developed stage and for the explanation of which there has 
been a continuously expressed desire. The arterial contrac- 
tion caused by substances present in the circulation is the 
first step in the causation of arterio-sclerosis ; and, if there 
be no kidney disease, the substances which cause the 
contraction are abs(jrbed from the alimentary tract, and are 
the product in one fonn or another of what has been 
swallowed in the form of necessary aliment or of unnecessary 
indulgence. It is necessary to state the ix)8ition thus, for 
the question, as will presently be seen, is not confined to the 
simple point of excess in-cjuantity or indulgence in what may 
be regarded as essentially injurious in virtue of its nature. 

Behind the questions of quantity and character lie the 
factors of inefficiency or disorder of the gastro-intestinal 
fimctions. These are factors which it seems to me have 
been almost wholly overlooked. That indigestion in its 
various forms, particularly when associated, as it commonly 
is, with definite constipation, or with incomplete bowel 
evacuation, should be the commonest of all causes of vessel 
constriction gives to the disorder a significance which has 
not commonly been appreciated. In the great majority of 
cases of the kind indicated it will be found that arterial 
hypertonus is present. The thickening is not necessarily 
great, and, when it is associated with a somewhat small and 
feeble i)ulse wave, there is such a marked absence of what 
is known as tendoriy that the thickening is not even 
recognised, and so no deviation from the normal is noted, 
beyond the smallness of the pulse. In other cases, if the 
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thickening of the artery i« recognised it is regarded as arterio- 
sclerosis, and wlien it occurs in a young or middle-aged 
]>er8f>n it is looked uixm as an indiwition that so-called 
** senile dej^ceneration " has alre^idy hej^un. Such a conception 
is undeniably ju'evalent, and gives sui)iM)rt to its own 
falseness ]>y ultimately loading to the result suggested. It 
becomes thus a matter of fundamental importance to 
recognise the hypertonic thickening of arteries ; and to 
underatand that the hypertonus, in such cases as are hei*e 
indicxited, is due to deleterious su])stances present in the blood 
irritating or stimulating the vessel wall ; and that these 
substances are absorbed from the intestinal tract. The 
nature of these substances has been already referred to. 
The responsiveness of the arteries to them becomes verj' 
striking once the correctness of the proix)sition is 
tested. 

This, I contend, is the first step towards the j)roduction 
of arterio-sclerosis in a vast number of instances. Whatever 
alimentary and intestinal conditions cause hyix^rtonus only 
require to be continued to produce sclerosis, if cardiac \agour 
be at the same time sustained, as it frequently is. 

It is i)erhaps necessary to definitely say that, while stating 
the foregoing proposition, it is not to be inferred that I mean 
anything beyond what I state. The spare feeder may develop 
arterio-sclerosis earlier than the big feeder, the moderate 
drinker develop greater vessel changes than the man who 
occasionally gets drunk. If the big feeder and moderate 
drinker has good digestion and free bowel evacuation daily, 
as such people frequently have, he may not devolop arterio- 
sclerosis till late in life. Nothing impedes advance so much 
as strong one-sided statements, wiiich usually enjoy the position 
of mainUiining but a fragment of truth. While arterio-sclerosis 
might be, on a partial view of the position, represented as 
merely a question of food and drink, the contention would be 
so misleading as to make it imtrue, for it would leave out of 
account the spare feeder and the teetotaler, w^ho, if he be a 
dyspei)tic or the victim of habitual ccmstipation, will assuredly 
supply in middle life a typical example of " premature arterial 
degeneration.*' It is the faculty of dealing efficiently with 
the intake, and the easy and complete removal of waste and 
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excrement, which postpone vesfiel changes in many a man 
who indulges his pilate as his tibstemious contemporary dare 
not do, under the risk of acute poisoning. It is here that 
the explanation lies of the marked diversity of opinion held as 
to the influence of food and of alcoliolic drinks in producing 
vessel changes. It is a fact that neither tlie big flesh-eater, 
nor the man who daily partakes of wune, si)irit8, or beer, 
ncc^\ssarily shows vessel changes early in life, and yet there 
seems to me to be no doubt that in other men these things 
lead to vessel changes. In the former class digestion is fault- 
less and elimination perfect ; in the latter, the first may hold 
and the second fail. So it is with the spare feeder : he may 
digest and eliminate efficiently up to his particular level and 
capicity ; wiiile an e([ually spare feeder may be using a dietary 
not suitalde to his standard of digestive capacity and excretory 
efliciency : of the two, the former shows soft vessels, the latter 
thickened vessels. 

When it is understood that it is not necessarily the 
character of the materials which determine the vessel changes, 
what has hitherto been a difficulty disapix?ars. We need no 
longer consider wliich is the right and w^hich the wrong view, 
for, as is usually found when the experience of competent 
ol)8erver8 is conflicting, they liave each got only a bit of the 
truth. It is not any special poison in the material, but tlie 
presence of waste or of a])Sorbed poison in the blood, that 
determines vessel changes — the waste may be the waste of 
the physiological wear of tissues ; it nuiy be the waste of un- 
utilised pabulum, unused because excessive in amount. The 
name of the special purin body in the special food of the 
particular individual may be safely left to the pure cliemical 
pathologist. For clinical and practical purposes the essential 
fact is that the tightening u]> of the arteries is due to tlie 
presence of substances in the blood which ought not to be 
there hi any sutlicient amount to keo]) uj) vessel con- 
striction. 

I even carrv mv contentions furth(»r than this. To me 
the influence of tlie condition of th(^ blood u]M)n the tone of 
the arteries is so ceitain that I have realised for some time 
that in many cases the recognition of arterial hypertonus 
suggests either disordere<l metabolism or constipation, and I 
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am struck with the number of instances in which the sun 
l)roves to be correct and becomes the basis of succes 
treatment. 

There is thus protluced a chain of graduated links, e 
link an example of the same underlying physiological prop 
tion, which must, I think, rank as a law — namely, that ve 
tone is influenced and determined by blood composition, 
that to us as practitioners of healing the important poir 
that blood composition is determined, directly or indirectly 
absorption from the intestinal tract. 

It will not be altogether unprofitable to devote s< 

further words to the consideration of blood composit 

When we do so we are forced to recognise that it must si 

much more subtle variations, as regards tlie extraneous i 

stances which may be present in it, than the ordinary cheii 

composition as supplied by physiology suggests. The bL 

content is in the first place influenced by the food ta! 

The processes in digestion cannot be regarded as pic] 

out and selecting merely what is suitable from whal 

swallowed : all substances are acted upon so that their sol 

constituents can be absorbed, either into the lymph syster 

directly into the blood system. In the latter case, the I 

serves not only as a living filter-bed but as a chen 

" clearing-house " for the blood brought by the jK)rtal 

from the alimentary tract, before it passes on into 

systemic system. When, on the other hand, substa 

pass directly into the lymph system, only the lymph gli 

interpose between them and the systemic blood syst 

and it is not known that these glands have any cliemiccU < 

to perform in this connection, although they filter out i 

particles whether these be living or dead. In either 

there is of course no doubt that substances reach the b' 

by one or other channel, which are n<3t necessary for 

physiological requirements of the body. That this occu 

of course fully established by our everyday clinical obse 

lions and thera}>eutic proceilures. The fact that certain I 

in Home ]>ersons ju'oduce urticaria is abundant proof of 

even were there no other. The inlhience of alcohol, 

ellects produced by the drugs we use, are all brought a 

by the passage into the blood of the unmodified substo 

1 02 



FOOD, DIGESTION, CONSTIPATION, AND ALCOHOL 

themselves, or as they are modified in their passage through 
the alimentary system ; for it is to be realised that both 
processes occur. 

Although this is so evident that I do not suppose it will 
be questioned in any quarter, I am not aware that physio- 
logical chemistry is in a position to determine what the subtle 
substances are in the blood which produce urticaria after 
the ingestion of cerUiin things. Yet it would be the veriest 
folly for the clinician to doubt the existence of such sub- 
stances; and the clinicians observ^ations ought to stimulate 
physiological and chemical research. 

I say so much because I am not comjietent to discuss 
with any semblance of authority the subtle changes which 
must be acknowledged as occumng in the blood as the result 
of the various foods and fluids partaken of, or of the manner 
in which they are dealt with in the alimentary ti^act from the 
stomach onwards, including the final ejection of their refuse 
and waste. At the same time, I fully recognise the value of 
the investigations which have been made of the purin group 
of bodies by Dr. Walker Hall and others ; and of the suggest- 
iveness of the proposition that these bodies are contained in 
common articles of diet, pass from the alimentary tract 
practically unchanged into the circulation, and exercise 
certain undesirable influences. This is the direction in 
which research will no doubt be continued until knowledge 
becomes fuller and more assured ; meanwhile, that work may 
already be accepted as confirmation of the major proposition 
that substances are taken up from the alimentary tract into 
the blood which directly influence the arterial and capillary 
walls. I have already dealt with the evidence from experi- 
mental investigation proving the direct ettect of substances 
in the blood, or circulating fluid, upon the vessel wall, leading 
to increased tone or contraction ; and that the common 
conception of the vessels merely resjwnding to vasomotor 
nerve impulses has to be abandoned, and the wider proposition 
adopted. Having thus far carried my contentions, it remains 
to be shown what clinical evidence is available, not only in 
support of these contentions, but as indicating more definitely 
tlie dietetic su])stanc^s which act most ])otc^ntly ; whether 
they act in virtue of their essential comiMjsition, their 
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excessive quantity, or as a result of secondary changes taking 
place in them in the alimentary tract. 

In the first place stands the question as to whether the 
kind of food is of any practical importance ? There is no 
doubt that the great bulk of clinical opinion and experience, 
both in the past and the present, points to the more highly 
proteid foods producing ettects not produced by the carbo- 
hydrate foods. Free and abundant flesh-eating has come to 
be regarded as leading to "heightening of blood-pressure" 
and to consequent arterial changes. This appears to be the 
view expressed in recent writings on subjects where blood- 
pressure and " arterial tension " are included in the considera- 
tion of the questions which are discussed. It is so prevalent 
that it would be invidious to single out individual examples 
when our aim is to deal with the whole question of blood- 
pressure and vessel-changes from the constructive side, and to 
avoid the polemical tone which destructive criticism can 
hardly avoid. With the common view as to the injurious 
effects of a large proteid dietary I wholly agree. At the 
same time, the common view requires important modifications 
to give it its full clinical value. The mental picture is too 
much confined to the man who eats largely and becomes 
florid and "plethoric" as a result — the man of Herculean 
digestion. For clinical purposes, it is essential to recognise 
the large class of pereons who eat moderately, or are even 
regarded as small eatera, but whose digestive functions or 
alimentary-tract processes are faulty. In these persons even 
their spare proteid dietary is excessive. In some cases the 
error appears to be digestive, but more commonly the essential 
error is constipation. Even when there is digestive disorder, 
it may be the result of constipation as well as the cause of it. 
Proteid food retained in the intestine putrefies and raises the 
virulence of the colon group of bacilli, and the products are 
absorbed, as has been already indicated. In fact, the factor of 
putrefaction seems to me to be so common, as a result of the 
prevailing constipation, that I give it a foremost place. I do 
not find indications of proteid food being injurious in moderate 
feeders who liave very free daily bowel evacuation. The cult 
that holds that no man eats flesh with impunity is as 
unscientific as extremes usually are. If the spare feeder, 
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in spite of his abstemiousness, suffers auto - intoxication 
from putrefying proteid, he will find material comfort in a 
dietary which does not so putrefy ; but the primary fault is 
in the alimentary tract, not in the food itself. Putting aside 
the question of mere vulgar excess, what one finds in the 
class of cjise I have been dealing with is, that there are usually 
subjective symptoms of various kinds connnonly attributed to 
" biliousness " or to " liver," that along with these the radial 
artery is hy{)ertonic, and the urine indicates the presence 
of intestinal putrefaction. In such cases there is no doubt 
there are deleterious substances present in the blood, for they 
are excreted in the urine ; and it seems to me certain that 
they act directly upon the arterial wall, leading to a hyper- 
tonic contraction of it. Certain it is that if the bowel be 
imloaded the hypertonus relaxes. A dose of mercury may 
have the same effect, even before it acts as a laxative, 
presumably owing to some influence it has directly or 
indirectly on the intestinal contents. 

There is some difficulty in turning people's minds round 
to look not so much at absolute quantity as at the use made 
of what is taken. The imjwrtance of intestinal putrefaction 
has not been known : and it has not been widely realised that 
carbohydrate foods ferment but do not putrefy. 

I have hitherto in vain sought for evidence that carbo- 
hydrate food leads to the arterial hypertonus which I have 
referred to as resulting from the putrefaction of proteid. 

The position may be summarised thus : an excessive 
flesh dietary, even when digested, is hurtful because of the 
excess of material absorbed, which cannot be utilised and hiis 
to be eliminated. When putrefaction occurs, whether it be 
in well-digested or ill-digested flesh foods, the products are 
highly injurious. The injurious effect is shown in the arteries 
by hypertonic contraction and so-called " high tension," and 
this ultimately leads to arterio-sclerosis. CarlK)hydrates do 
not have the siime kind of effect. 

The symptoms which are popularly and vaguely defined 
as gouty or svj^prcssrd fjout are all referable to the defects 
which have been indicated. They are all ilue to the ])rcsence 
of waste retained, or deleterious substances absorbed and not 
readily excreted. The mental depression, the physical 
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weariness, the bilious attack, all have their source here, and 
they will be found to be always accompanied by hypertonic 
arterial contraction. As we relax the vessels by treatment 
the symptoms disappear, and, if we can so order life as to 
prevent hypertonic contraction, there is an absence of the 
gouty symptoms. 

Believing the position to be such as is here indicated, it 
follows that I place the condition of the alimentary tmct in 
the forefront of the causes which lead to arterio-sclerosis, with 
all its manifestations, and all its disastrous consequences, in- 
cluding the shortening of Ufe. 

I cannot pass from the alimentary tract without referring 
specifically to the effect of beer and spirit drinking upon the 
vessels. Acute alcoholism is dealt with in a separate 
chapter, but from what I have seen there seems to me to be 
no doubt that in some persons the steady daily use of beer 
or whisky leads to pronounced arterio-sclerosis. I append a 
sliorl note of a few cases illustrating this point. It is not 
tlie invariable result in all persons, as will be seen from the 
subsequent chapter dealing with alcoholism. The fact is that 
the effects of alcohol afford but another illustration of what I 
have already tried to enforce, that it is altogether wrong to 
take up the position that the same substance produces the 
same physiological or pathological results in all persons. 
An excessive proteid dietary is entitled to rank alongside 
alcohol ; but it is probable that constipation is the cause 
of as nmch arterial change in the people of Britain tis either 
the one or the other. 



THE EFFECT OF THE ALIMENTARY SYSTEM ON 

SCLEROSED VESSELS 

From what has been said with regard to the influence of 
the alimentary system in leading to hyi)ertonus and ultimately 
to sclerosis, and ])earing in mind the contention that sclerosed 
vessels readily become hy]>ert<mi(', th(» further statement will 
be antici]>«ted, namely, that wlien sclerosis is estaV»lished, the 
same circumstances or conditions in the alimentary tmct con- 
tinue to act. The point is, however, of such great practical 
importance that it is desirable to accentuate it by specially 

1 06 



ALIMENTARY SYSTEM AND THE ADRENALS 

referring to it here. In elderly people with sclerosed vessels 
the influence of this tract is very striking, when the recog- 
nition of hypertonus becomes a matter of routine observation. 
The effect of proteid food in them is in my experience quite 
beyond question. Whether, however, it be the ^supply of 
proteid in excess of the needs of the inactive body, or 
intestinal putrefaction and constipation which supplies the 
precise irritant, is not easy to determine ; but in many cases 
the two factors are conjoined. 

The sclerosed vessels are indeed remarkably sensitive to 
the irritant or stimulant, whatever it be. I do not attempt 
to offer any explanation, but I am c<mvinced that it is a 
clinical fact. The sensitiveness may become marked even to 
impressions conveyed through the vasomotor centre, as I 
have shown in Chapter XV., when dealing with angina |)ectoris. 
The practical and clinical bearing of the fact is that the 
irritability of the vessels can be in a great measure controlled 
by an austere dietary, conducted on the lines indicated by 
recent and more accurate physiological investigations. 

In elderly or old people it will be found that there is no 
surer guide to the right line to be taken in their management 
and treatment than by the recognition of whether hypertonus 
is or is not present. 

In subsequent chapters cases are given in which the 
influence of food or of constipation is shown ; and on the 
other hand, the effect of bowel evacuation is seen. It seems, 
therefore, unnecessary to elaborate this matter more fully here, 
but I hope I liave said enougli to carry the conviction of the 
importance of this side of our subject. As having some 
bearing upon the following section, I may say that I have 
tried thyroid in these cases, and it seemed so definitely un- 
satisfactory that I have ceased its use. 

THE INFLUENCE OF THE ALIMENTARY SYSTEM ON 

THE ADRENALS 

In an address delivered to the Derby Medical Society, and 
published in the British Medical Journal on 4th June 1904, 
I suggested that the effect of a rich proteid diet in causing 
liypertonic contraction of vessels might act by stimulating 
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the secretion of the suprarenal glands, extracts of their 
medullary portion being known to have this constrictor action 
on the vessels. Three years of added experience have drawn 
me further away from this idea ; while the effect of absorption 
directly into the blood from the intestinal tract seems a more 
satisfactory explanation of such a clinical phenomenon as the 
removal of hyixjrtonus by laxatives. As these pages, how- 
ever, were being corrected for the press, the very able and 
suggestive address delivered by Dr. II. D. liolleston to the 
Canadian Medical Association appeared in TJie Lancet, In 
that address he referred to the suggestion mentioned above. 
It is not, however, for that reason I refer to it now, but 
because his address, while ])resenting a vivid picture of 
experimental and clinical observations on the problems which 
surround the suprarenals, brought back an idea which suggested 
itself to me years ago, when, as pathologist to the Koyal 
Infirmary, I was methodically examining these glands. The 
idea was that the cortical part of the gland was for the 
destruction or transformation of the substances present in the 
medullary portion. This idea would explain the ai)parently 
curious fact that extracts of the latter have such a marked 
physiologiciil action, while, so far as is known, the cortex has 
no such action. Following this idea further, it may be that 
the active principle in the medulla may be taken from the 
blo(xl as a harmful substance, and altered in its passage 
through the cells of the cortex into a harndess substance. 
Were this found to be the true view, it would easily follow 
that an excess of proteid absorption or of other substances 
from tlie intestine throws a greater strain on the glands than 
they were ecjual to, and tliat constrictor substances accumu- 
late by retention in tlie blood. As giving some little 
support to this suggestion, I may add my impression that in 
advanced life the cortical part of tliese glands is relatively 
small. It" these sjieculations turned out to be correct, they 
would explain the sensitiveness of sclerosed vessels in elderly 
persons referred to in the ] previous section. In tliis particular 
region of s])eculation no harm follows a wrong view, and, 
when Dr. Kolleston rej'ards his imamnini's as ** somewhat 

~ or? 

wild speculation," I would remark, that such speculations may 
become the facts of a later date. It would only mean that 
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the glands were excreting and not producing the pressor 
substance found in their medullary part. 

s 

CASES ILLUSTRATING THE FOREGOING CONTENTIONS 

Excesaivr profriiV divtari/ vnfh thick and tortuous radials — 

rccurruKj aphasia 

Case 1 0. — E. S. K., a man in middle life, sent by Dr. 
M*Ewan of Prestonpans, with a history of temporary attacks 
of partial and complete ai)hasia. The radial arteries were very 
thick and tortuous. The heart extended to an inch beyond 
tlie nipple line. The urine contained no albumin, the specific 
gravity was 1011. He usually had to get up in the night to 
pass water. On impiiry, he acknowledged that he liad " lived 
on beef " ; he took beefsteak to breakfast, broth and beef to 
dinner, and beef to supper. There was no other factor in his 
history to explain the arterial thickening. 

Excessive pivteid dietary with thick radial arteries 

ill a young man 

Case 11. — T. N., ?et. 25, butcher, Fife, seen at the Eoyal 
Infirmary, 15th November 1905. He complained of pain 
in the stomach in the forenoon, and sometimes in the evening. 
The pain at first w^as in the pit of the stomach, but more 
recently it was " working to the left." The bowels moved 
daily. The doctor he had consulted thouglit the pain w^as 
due to a strain. Tlie radial arteries were markedlv thickened. 
The heart was normal, and there was no albumin in the urine. 
The thickening of his vessels was so marked, and as there 
wiis no evidence or history of syphilis, I made special 
inquiries as to his diet, and found it to be as follows : at 
7 a.m. he had bread and butter and tea ; *' breakfast " was at 
1 2 noon, and consisted of half a pound of steak and an egg ; 
" dinner," at 2.30 p.m., consisteil of soup, another half-pound 
of meat, potatoes, a glass of milk, and rice ; " supper," 7 to 8 
p.m., consisted of fish, bread, and tea. — I impressed upon him 
the fact that he was doing hhnself injury by the amount of 
flesh he was taking. I advised him to take meat once a day 
only, and prescribed 5 grains of potassium iodide thrice daily. 
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Constipation nnth auto-intoodcation and hypertonic arteries 

Case 12. — Wni. A., a*t. 41, an iron moulder, sent to the 
Royal Intirniary from Falkirk, complained of weariness and 
want of strength, and as having had a cold with a little cough 
for some months. He hrought a specimen of his sputum, 
but it was quite colourless, and we did not consider it 
necessary to stain it for tubercle bacilli. Examination of 
his lungs and heart showed them to be apparently healthy. 
The tbngue was clean, with moist edge and dryish centre. 
He had indefinite sensations in the abdomen at times, but 
he had evidently paid no special attention to them, and could 
neither locate them nor describe them. He had much 
flatulence. The stomach was dilated, reaching as low as the 
umbilicus, and although it was four hours since he break- 
fasted, his stomach was full and splashing. The urine 
contained no albumin or sugar. Tlie bowels moved nearly 
daily, but he had to regulate tliem by taking laxatives. The 
radial arteries were thickened and definitely hypertonic. 
— My opinion of this case was that the patient had atonic 
dyspepsia with gastric dilatation ; a measure of constipation ; 
that the languor and sense of weakness were the result of 
auto-intoxication, and that the hypertonic condition of the 
arteries wa.s to be similarly explained. 

Iff/pertonus from condipafion 

Case 1'>. — Mr. T., iut. 30, was being examined for insur- 
ance. He did not smoke ; there was no sugar or albumin in 
the urine ; the heart was normal. He had (juite definite 
hypertonus of the radial artery, and this was associated with 
a distinctly costive habit. 

ConMipation vith p>rccordial j^din and hypertonic radials 

Case 14. — N. P., iron moulder, tet. 20. This youth was 
admitted to hospital suffering from recurring pain and 
discomfort in the precordia along with symptoms of gastric 
disorder. He was constipated, and there was marked 
hypertonic thickening of his radials. The bowels were 
regulated by a daily dose of cascara and glycerine, and a 
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rhubarb and soda mixture were given for the stomach 
condition. The pain disappeared, and the thickening of his 
arteries ahnost entirely. 

Casrs illastralhuj the effect of becr-drinkhuj on the vessels 

Case 15. — Henry F., aged 36, engineer, seen at the Royal 
Infirmary on 5th September 1906. He was a repairer of 
bookbinding machines, and therefore travelled a good deal. 
He complained of pain in the back when he stooped, and 
lately of great giddiness, especially when stooping. The 
giddiness had been so severe that he volunteered the state- 
ment that he had nearly fallen down the hoist track. He 
was a vigorous, intelligent-looking man, with a sallow com- 
plexion, and icteric-tinged conjunctiva. He was married, and 
liad six healthy children. The bowels moved daily, but he 
"suffers terribly" from flatulence passing by the bowel. 
The tongue was thickly coated in its posterior two-thirds. 
There was nothing to note in the thorax or abdomen. The 
urine contained neither albumin nor sugar : he said it varied 
in colour: the sample we saw was rather pale in colour. 
The radial arteries were markedly thickened and hard. 
He was an Englishman, and every night nearly drank two 
or three glasses of beer. He never exceeded. He had no 
appetite for breakfast. — I prescribed for him a mixture 
containing salicylate of sodium and iodide of potassium to be 
taken thrice daily ; a laxative pill to be taken nightly ; and 
strongly advised him to stop his beer. 

Case 16. — Thos. N., aged 37, seen at the Royal Infirmary 
on 5th September 1906, brewery carter, delivering casks of 
beer to the public-houses in the city. Complained of heavi- 
ness in his belly and of being "awful giddy whiles." He 
is a big, stout, heavy man. Tliere was a little tremulousness 
about the mouth when he was being questioned about his beer- 
drinking. There was nothing to be made out in the abdpmen. 
The bowels moved daily. He was not sure as to the amount 
of beer he drank daily, but it seemed certain that his liabit 
was to drink whenever he had the opportunity, either at the 
brewery or when offered it at the public-houses at which he 
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delivered. He had been over twenty years working about 
breweries. The urine contained no albumin. The radial 
arteries were so thick and hard that they might almost have 
been called rigid — they were comparatively small vessels, as if 
they were diminished in size from hypertonic contraction. — 
I ordered him a laxative pill to be taken nightly for a week ; 
20 minims of sp. etheris nitrosi to be taken thrice daily, to 
give up beer absolutely, and to report himself to me in a few days. 
lO^A Septemher. — Reported himself at the ward. Feel- 
ing much better. Giddhiess gone. Radial much larger and 
more compressible — now a thick vessel not suggesting rigidity : 
Oliver pressure, 170; Giirtner, 150. 

Extreme arteriosclerosis from the daily use of alcohol for 

many years 

Case. 17. — Wm S., t^t. 64, came to the Infirmary complain- 
ing of iMiin in the back of his head, in the temples, and over 
the vertex, also of giddiness. He was a healthy -looking, well- 
nourished man with a slightly florid complexion, but older- 
looking than his years. Both temix)ral arteries were 
prominent and were the thickest and hardest temporals I had 
ever seen — in size and hardness they almost felt like pen- 
holders. The radial arteries were in a similar condition, al- 
though not quite so extreme. There was no albumin in the 
urine. He assured me he had always been a steady man, had 
never drunk to excess or to do himself " any harm." There 
was no history of syphilis, of rheumatism, or of gout. He 
never suffered from dyspepsia, and his bowels always moved 
daily and freely. In fact, there seemed to be no explanation 
obtainable of the extreme sclerosis. With more detailed 
questioning it came out that up until within the last few 
years he had spent his working years since a lad as an 
assistant to licensed grocers and wine merchants, and that 
during all those yeai^ he had daily taken spirits. 
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CHAPTER XIII 

r 

H.EMOMANOMETER PRESSURES IN CASES OF 

ACUTE ALCOHOLISM 

THE VALUE OF A VASO-DILATOR ADDED TO THE 

ORDINARY TREATMENT. 

In this chapter I propose to record observations made by 
myself and my clinical assistant, Dr. Green, on patients in 
Ward 3 of the Edinburgh Royal Infirmary, and to consider 
these observations as illustrating and supporting my main 
contentions regarding the records of so-called blood-pressure. 
At the same time it will be shown that here also the records 
are of much interest, and, when rightly understood, of decided 
clinical value. 

The cases to be dealt with were cases of acute alcoholism, 
differing in intensity, but all sufficiently pronounced to have 
been admitted to the ward provided for the reception of 
patients suffering from " iiicidental delirium." The patients 
whose conditions are dealt with were all in the midst of a 
bout of heavy drinking, either the victims of hallucinations 
of sight or hearing, or in the stage of yattering incoherence 
with tremor and restlessness. In the stage of tremor and 
constant muscular movement it was of course impossible 
to make accurate haemomanometer observations; but this 
phase might not develop until the patient had been in 
hospital for twenty-four hours or longer : in one case it did 
not develop until he had been in the ward for three days ; and, 
having been in on several previous occasions, it was known 
that this was the usual time for his delirium to begin. In 
this way haemomanometer readings were sometimes obtained 
before delirium developed. 

The first generalisation I have made from these cases is 
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that not in all cases is the arterial pressure high ; the second 
is that in the great majority of cases the pressure is relatively- 
high to begin with, and falls as the patient improvea In 
the latter group the pressure was usually about 150 and fell 
to 115 to 125 or thereby, if the arteries were not sclerosed. 
When they were sclerosed the readings to begin with were 
much higher than this, and did not fall as low as 150 although 
the patient had recovered. 

GROUP I. — CASES WITH LOW PRESSURES. 

As examples of what may be regarded as low pressure in 
acute alcoholism, the following cases may be given : — 

Case 18. — A. A., male, aged 36, was seen by one of the 
resident physicians, and admitted to Ward 3 on 8th January 
1907. On admission the patient was excited, with a rapid 
pulse, a moist skin, and was stated to have spoken of seeing 
various animals crawling on the walls. He was given 30 
grains of bromide of potassium and 20 grains of chloral 
hydrate. He was admitted at 9.45 p.m., but he was not 
asleep until 4 a.m. When I saw him on the 9th his 
pressure at 12.30 p.m. was only 115, the radial artery was 
soft, and the pulse of fair strength. He was still very 
tremulous. He was ordered a mixture containing strychnine, 
digitiilis, and valerian. On the 13 th his pressure was 95 ; 
he was feeling very well. He was allowed to go home on 
the 14th. 

Case 1 9. — W.M., aged 3 3, maltman, was admitted to Ward 
3 on 14th January 1907. He drank beer and whisky. On 
admission he was restless and ti-enmlous, and was given 20 
grains of cliloral. On the 15th when I saw him his pressure 
was 120. He was a i)lump man with a plump, fat arm. On 
the 17th the pressure had fallen to 110, the vessel wall being 
soft with no thickening. 

The following four cases of acute alcoholism further 
illustrate the state of the arterial wall on admission, the treat- 
ment given, and the change in pressure after treatment. 
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In all it will be noted that the pressure, although not high on 
admission, fell still lower on recovery. . In all four cases the 
relaxation and softening of the arterial wall was appreciable to 
the tini^er as tlie ])re8snre fell. 



Sex aud 
age. 



Condition of m x . 
radial artery. | Treatment. 



Date. 



Male 30 | Tightened up Stomach lavage j| ^**^^^* J^ 

Do. 1 Erythrol and | / Jan. 23 



Do. 44 
Do. 38 

Do. 50 



Do. 



Do. 



chloral j \ 
Erythrol and \f 
trional 1 1 



11 



29 
18 
22 



Iodide, Niuill, '7 ^^*^^^^.f 
and digitalis '| " |* 



Pressure. 
120 mm. Hg. 

lor. 

135 
105 

115 (taken after 
95 treatment 
begun) 
115 
105 
100 



GROUP II. — CASES IN WHICH PRESSURE WAS RE- 
LATIVELY HIGH. THE EFFECT OF A VASO- 
DILATOR ADDED TO A HYPNOTIC. 

The following cases belong to the more common type, in 
which the pressure was relatively high on admission and fell 
to normal or to some 10 degrees or so sliort of normal. 
Some of the cases illustrate the effect of a combination of 
erythrol tetranitrate with hypnotics — a combination which 
was suggested by my clinical assistant, who argued that the 
sedatives we were using might act more promptly if the 
vessels were at the same time more promptly dilated by 
means of erythrol tetmnitrate. This combination has given 
us in some instances strikingly satisfactory results. We have 
so far only followed this method where the haemomanometer 
readings have been high, but propose testing the effect of the 
coml)ination on a more extensive scale. 



Case 20. — E. C, male, aged 46, was admitted to Ward 3 
by a house physician on 7th January 1907 at 11.30 p.m., 
suffering from delirium tremens — very tremulous, and seeing 
and picking up imagmary coins from the coverlet of his bed. 
At 1 a.m. on the 8th he was given 20 grains of chloral, a like 
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dose being given at 5 a.ni. He did not sleep but was quiet 
and muttering low. Wlien I saw him about noon he was 
tremulous, in muttering delirium, and his arteries wci*e 
hke vvhi|KM)rd. At 1 p.m. he was given 20 grains of trional, 
half a grain of erythrol tetranitrate, and 10 minims of 
tincture of digiUihs and tincture (»f scpiills: as he Wiis not 
asleep, the erythrol, digitalis, an<l scpiill were rejKjated at 5 p.m. ; 
at 6.45 he was asleep, and slept all night. On the 9th he 
was still very tremulous, but the mental condition had im- 
proved ; his radials were decideiUy softer, but the pressure 
was 150. lie had 3 doses of the medicines last mentioned 
during the day. 10th January — slept all night; mental 
condition ijuite clear: arteries soft, pressure 120. The 
erythrol was stop])ed but tlie digitalis and squill continued. 
12th January — the ])atient had completely recovered; the 
pressure was 115, tlie radial arteries relaxed and soft. On 
the day of admission, when the arteries were so tightened up 
that they felt like whii)cord, the ])ressure cannot have been 
less than 180; but, owing to the pitient's condition, it was 
quite impossible to take a reading. 

Case 21. — J. H., male, age<l 48, was admitted by a 
house physician on 11th January 1007 to Ward 3, sufiering 
from delirium tremens ; he was tremulous, and had hallu- 
cinations of vision. The i)atient had been drinking heavily 
for some time. He was admitted at 5 a.m. I saw him in 
the forenoon, and found his pressure at 1 1.30 was 150, the 
pulse was OO, the radial artery large and well filled, with 
a thick wall and a large wave. He was given i gmin of 
erythrol with 10 minims each of thict. digitalis and tinct 
scilhe at noon; at 12.45 the pressure was 130. At 6.20 
p.m. the pressure was 140, at 6.30 the erythrol, digitalis, and 
squill were repeated, and at 8 the pressure was 130. At 
1 1 o clock, as he was excited and restless, he was given 20 
grains of trional; at 11.45 he was asleej), and slept until 
5 o'clock the following morning. On 12th January, at 
11.30 a.m. the pressure was 125; on 13th January, at 
12.30 p.m. it was 125; <m 15th January, at 1.20 p.m. it 
was 125; and on 17th January, at 12.30 p.m. it was 125. 
The relaxation and softening of the vessel wall which 
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accompanied the fall in the baimomanometer readings were 
quite perceptible to the finger. In this patient, who in 
ordinary circumstances would have had a day or two of 
acute delirium tremens, the attiick was aborted by a single 
20-grain dose of trional given after his vessels were relaxed 
by erythrol. 

Case 22. — D. F., male, aged 40, was admitted on 14th 
January 1907 to Ward 3. This man came to the ward 
of his own accord, and sought admission as he knew he was 
to have an attack of delirium tremens. He had been in the 
ward on several previous occasions. He presented himself 
in the period of abnormal calm which in him was known 
to precede the alcoholic storm. It was not until the 17th 
that he showed any cerebral symptoms : he then began to 
hold conversations with imaginary people, and between then 
and the 18 th he beaime wildly restless and delirious. 
Erythrol and trional combined had no etfect upon him, but 
four 20-grain doses of chloral put him asleep between the 
18th and the 19th; and by 12.30 p.m. on the 19th he was 
awake perfectly sensi])le, and remained so. On former 
occasions much more chloral had been used, and the 
duration of the delirium had been longer. The pressure 
on the 15th was 155; on the 17th, 140; on the 19th, 
140; and this notwithstandhig several J -grain doses of 
erytlirol. On the 29th it had fallen to 125, the pulse was 
68, the vessel soft and compressible. On the 15th, the day 
after admission, the frequency of the pulse varied from 
85 to 105, and the vessel wall was thick and contracted. 
Tlie influence of the erythrol was very striking in this case, 
for on no previous occasion had his delirium been so cut short, 
and convalescence been so rapid. Chloral acted better than 
trional with this jmtient. The reduction of pressure from 
140 mm. Hg. to 125 was ettected by means of iodide of 
potassium, and corresponded with the complete relaxation 
of the radial artery. This, indeed, was a case in which I 
thought there must be permanent thickening, and the very 
definite ellect of the iodide was a surprise to myself. 

Case 23. — 6. H., male, aged 31, admitted on 15th March 
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1907 to Ward 3, having drunk heavily and having taken a 
" fit." On admission he was tremulous and nervous — the 
radial artery was small and hard, the pressure was 150. 
At 11.45 a.m. he was given erythrol gr. i and trional 
gr. XX, but as he vomited ten minutes after they were 
taken, the dose was rei)eated at 3 p.m. At 4.15 p.m. he 
was asleep, and slei)t almost continuously till 5.30 the 
following morning. In the forenoon the pressure was 130, 
the radials were relaxed, and the pulse wave larger. This 
patient was practically well, and went out on the 1 8th. 

These cases when arranged as below show how naturally 
they fall into two groups ; while the fall in pressure in each 
member of the two groups is seen at a glance. 



Male, aged 36. 
33. 
30. 
44. 
38. 
50. 



» » 

• > 



>» 
)} 



( J ROUP I. — Low Pressures, 

115 mm. Hg. fell to 95 mm. Hg. = fall of 20 mm 

110 „ „ 10 

105 „ ,. 15 

105 „ ,, 30 

95 „ „ 20 

100 ., ., 15 



120 
120 
135 
115 
115 



»» 
»» 



Hg. 



Average fall, 18*3 mm. Hg. 
Group II. — High Pressures, 



Male, aged 46. 


150 mm. Hg. fell to 115 mm. Ug. 


= fall of 35 mm. Hg 


If >> 48. 


150 „ „ 125 


>» 2o ,, 


»i >> 4j. 


lo,t ,, „ 125 ,, 


M 30 


»» >» 31. 


150 ,, „ 130 


M 20 



Average fall, 27*5 mm. Hg. 
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CHAPTER XIV 

GROUPS OP CASES ILLUSTRATING H.EMO 
MANOMETER READINGS 



1. FOUR CONVALESCENTS FROM ACUTE BRIGHT; 

2. SEVEN MISCELLANEOUS CASES; 

3. THIRTEEN ELDERLY AND AGED PERSONS : THE RELATION 

BETWEEN THE RADIAL AND BRACHIAL ARTERIES; 

4. EIGHT CASES WITH HEART SYMPTOMS : THE IMPORTANCE 

OF RECOGNISING HYPERTONUS IN CARDIAC CASES. 



CONVALESCENTS FROM ACUTE NEPHRITIS. 

This series of cases illustrative of haemomanometer readings 
may be begun with the following 4 cases, in which there 
was a definite diagnosis of acute Bright's disease, the patients 
having been admitted into hospital with oedema, and albumin, 
blood, and casts in the urine. 



Case. 


Age and Sex. 


Disease. 


Condition of 
Vessel Wall. 


Pressure. 


Oliver. 


Gartner. 


Cask 24 

., 25 
M 26 

„ 27 


Male, aged 62 

n n 44 
„ 40 


Acnto Bright ; 
convalescing 
Do. improved 
Do. do. 

Do. convalesc- 
ing 


Thickened and 
sclerosed 
Do. 

Slight thicken- 
ing 

No sclerosis 


Mm. Hg. 
165 

150 
130 

110 


Mm. Hg. 
150 

130 
100 

• • • 



Of these the two first had thickened and Hclerosed vesselH, 
but not nearly so thick as were the vessels in the series of 
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kidney cases in Chapter XI. ; in the third, the arteries were but 
slightly thickened ; while in the fourth, a boy of 9 years of 
age, there was no sclerosis. The state of the artenal wall 
corresponded therefore with the manometer readings. It 
will also be observed that from the age of the individuals 
no definite inference can be drawn, for while there was a 
pressure difference of 15 between the ages of 62 and 44, 
there was a difference of 20 between 40 and 44, and a like 
difference of 20 between the ages of 9 and 40. The factor 
of age will be dealt with more fully later. 

SEVEN PATIENTS UNDER OBSERVATION AT THE SAME 
TIME: PRESSURE CORRESPONDING WITH THICK- 
NESS OF ARTERIAL WALL. 

The following list comprises seven patients who were under 
observation at the same time as hospital patients : — 





1 




Pressure. 


Case. 

1 


Age 


1 
and Sex. Disease. 


Condition of 
Vessel Wall. 






1 








Oliver. 


Gartner. 








Mm. Hg. 


Mm. Hg. 


Case 28 


Male, 


aged 37 Brewery worker 
; for 20 years. 


Thick hard 
vessel 


170 


150 








Vertigo ; no 














alb. 








» 29 


)) 


„ 50 


Cabman, con- 1 Thick vessel 


165 


159 








valesceut from 














jaundice ; no 












alb. 






„ 30 


»» 


,, 69 Hydrothorax, 
etc. ; alb. 


Slight vessel 
thickening 


135 


113 


» 31 


M 


,, 64 Aortic and Vessel a little 
mitral systolic thick ; com- 
murinurs pressible 


135 


• ■ • 


., 32 


t f 


,, 55 , Anaimia, etc. ; 
no alb. 


Slight vessel 
thickening 


125 


80 


„ 33 


»f 


,, 40 Sciatica, been Soft vessel 


110 


90 








resting for 6 














weeks; no 














alb. 






,. 34 


>» 


„ 26 


Muscular rheu- 


Soft vessel 


105 


70 






matism ; alb. ! 






ThftF 


le cAi 


^es illii» 


tnite the ctm 


• 

ifinil ml ft — 1 


1 am el v. 


t.haf; if 
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you take the patients in a hospital ward, the uianonieter 
readings will be found to closely correspond with the state of 
the radial wall. Any other group of ])ersons will give a cor- 
responding result. 

In Case 28, the brewery worker, observations were made 
after he had been for a week on spirit of nitrous ether and a 
nightly laxative. His vertigo under this treatment was 
cured, and he was feeling well. The radial artery was not 
quite so hard as it had been, but it was still uuich thickened, 
and a further week of treatment did not reduce the man- 
ometer reading. In fact, this man had at the age of 37 
})ermanently thickened arteries, due, no doubt, to 20 years 
of steady beer-drinking. 

In Case 29, a cabman, the observation given was made 

A GROUP OF ELDERLY AND AGED PERSONS. 



Case. 



Age and Sex. 



Case 35 I Mrs. C, Q.H., aged 68 . 

„ 36 ' J. F., male, Q.H., aged 72 

„ 37 : R. C, male, Q.H., aged 72 

„ 38 ! A.S., male, Q.H., aged 58 

I 

, , 39 i G. G., female, Q.H., agwi 69 

I I 
I 

I 

I ! 

I „ 40 , Mrs. R., Q.H., aged 92 . 

I , 

I 

j 

,, 41 Mrs. H., (^^., aged 

i I 

,, -12 , Mrs. R., private, aged 80 

,,43 ' Mrs. S., private, aged 82 

,, 44 ' Mrs. J., Q.H., aged 64 . 



Oliver. 

Mm. Ilg. 
260 

210 

235 

200 

200 



Condition of I Condition of ! 



Kadial. 



I Thick and 

. hard 

' Thick artery 



Thick 

hard 

Thick 



and 



170 



155 

160 

160 
140 



»» 



>» 



»» 



45 



46 
47 



Mrs. H., private, aged 70 

Mrs. L, private, aged 70 
Mrs. M., private, aged 69 



130 

125 
120 



I Hard, ather- 
I omatoiis 
, and c a 1 • 
, careous 
Soft and 
small vessel 



' Cordv and 
; tortnous 
^ Some thick- 
, oning 
Thick 
' Soft 



I 

'Soft and I 
' comj»res8ihle 
I Do. 
Do. 



Patient. 



Engaged in 

house work 
Has had hcmi- 

paresis 
Supra-pubic 

cystotomy 
Old h c m i- 

paresis 
Demented 



Has all her 
faculties, and 
out of bed 
daily 

Confined to 
bed 

Fairly active 

Do. 

Secondary 
anaemia from 
malignant 
disease 

(<ood health 

Fairly vigorous 
Do. 
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after he had had pilocarpine, and indicated the irreducible 
minimum below which no reduction of manometer reculing 
would be obtained, because of the degree of permanent 
thickening in the vessels. 

The age of the patients in this group also has no fixed 
relation to the manometer readings. The highest reading 
was from a man of 37, one of the lowest from a man of 40. 
In the two patients with readings of 110 and 105 the vessel 
wall was soft and unthickened. The intermediate cases with 
readings of 125 and 135 showed some thickening of the 
vessel, whether ])ermanent or merely due to hypertonic 
contraction is immaterial so far as the conclusions drawn 
from the readings are concerned. 

Sec Table an p. 121. 

The cases on p. 121 show in the first place how erroneous 
is the idea that blood-pressure rises with age ; and secondly, 
that if vessels are thick, haemomanometer readings are high ; 
if not thickened, they are normal. 

The Relation between the Radial and Brachial 
Arteries. — Such readings could of course be multiplied almost 
indefinitely, but I do not think this would serve any useful 
purpose. That the readings represent anything like the varia- 
tions in blood-pressure which the figures show, I can hardly 
imagine anyone with a cultivated knowledge of the pulse main- 
taining. The pressures corresponded, not with blood-pressure as 
perceived tlirough tlie cultivated finger, but with the palpable 
measure of thickening or hardness of the radial artery at 
the wrist. There are, however, occasional cases where this 
proposition does not liolil. Sometimes a patient with a thick 
radial gives a moderate degree of pressure, as in Case 41, 
where with a cordy radial the pressure was only 155: in 
some other cases, with a soft and compressible radial, the 
pressure is relatively high, as in Case 44, where with a soft 
pulse in advanced debility from malignant disease the 
pressure was 144. I liave not found that the plumpness or 
leanness of the ui)per arm materially inihiences the readings. 
So Far as I van see, the explanation is to be found by 
assuming that the condition of the wall of tlie brachial artery, 
which of course is the vessel compressed, does not correspond 

122 



RELATION OF RADIAL AND BRACHIAL ARTERIES 

with that of the radial as revealed by manipulation. 
Support is given to this as the probable explanation by the 
fact that occasionally one finds that the radial artery at the 
wrist may be distinctly softer than it is in the middle of 
the forearm. The general proposition that the pressure will 
be found to closely corresjiond with the condition of the radial 
wall, will however be found to be soimd. So definitely is this 
the case that in many instances tlie pressure can be approxi- 
mately guessed, after some experience, while at the same 
time it must be recognised that it is not wise to be over- 
confident. The position may be restated as follows: It is 
to the upper arm that the compression bag is applied, and 
when the pulse at the wTist stops, it is owing to the 
obliteration of the flow in tlie brachial artery. The wall of 
the brachial artery varies in thickness as the result of 
sclerosis, of atheroma, and of hypertonic contmction. The 
variations in its thickness determine the amount of pressure 
necessary to compress it so as to an*est the radial pulse. 
In the great majority of cases the amount of pressm^e 
necessary to obliterate the brachial can be judgeil of by 
the thickness of the radial artery ; but, in a small number 
of c^ses, these do not correspond, and the only possible 
explanation is that the radial is not in tliem a reliable 
index of the condition of the brachial artery. Tlie second 
case (Case .*>6) in the preceding list is an example of 
this. He had a moderately thick radial artery witli 
moderate pressure in it, so that I thouglit it was hardly 
necessary to take liis pressure. I did so, liowever, as I 
intended giving erythrol tetranitrate on account of the 
recurrence of a slight right hemiparesis, and it was much to 
my surprise to find that the obliterating pressure was as 
high as 240-250, and that it remained at that after days 
of erythrol. The erythrol seemed to distinctly improve his 
condition, although his brachial pressure remained the same. 
This man's brachial artery felt hard and difficult to compress 
by the fingers ; but I state tliis witli reserve, for I have not 
yet studied the brachial artery sufficiently to have confidence 
in the value of observations made by my fingers. The 
brachial is, as a matter of fact, much more difficult to gauge 
by the finger than the radial, as anyone can prove by trying 
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it. The following is » sjiliygmiigi-ftpliic. traciug from thin 
man's radial artery : — 

Since the ahove was written further developments haw 

(tct'tirreil which are worth)- of note. On the Clh of Septenil<er^ 



I 




the patient de^'eloped left hemiparesig, and 1 liad him trans- 1 
fen-ed to ray ward in the Intimiary. On admission his pree- | 
Bure was foiuad to l)e 240 mm. Hg. ; under erythrol it fell to 220 ' 
innj, Hg. The condition of the radial artery did not suggest 
a pressm'e over 160 mm. Hg. On again carefully palpating 
the brachial artery it was felt to Ije very tliick-walled and 
UjrtuouB, this condition of the artery being both felt and seen 
at the lH3nd of the elbow. It was as easily appreciated by 
otliere as by myself. I find that the best way of palpating 
the brachial artery is to {laas the Angel's round the back of 
the ami tci its inner side, the observer using the left hand for 
tlie patient's right arm as lie stands on the ^latient's right 
side. Iq the upper tliird of the arm the vessel can as a rule 
be readily felt and the condition of its wall estimated. In 
this case there was a difference of 30 mm. Hg. between the 
obliterating pressure in the upper and lower arm. 

This want of relation between the radial pulse and tbe I 
tiompresaihility of the brachial artery as measured by tba j 
hie mo manometer has no doubt been the source of the pro* J 
position that the finger is an unreliable test of hlood-pree8iu%si 
It is a comfort to think that the use of the finger is not yetl 
obsolete, and tliat the claim of the hiemomanometer to < 
more modest place may the more easily establish itfl trufrll 
value as a clinical instrument. 



EIGHT CASES WITH HEART SYMPTOMS. 
Ill this series of c-asea the same jiroposition holds — namely. 
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that the haemomanometer readings correspond closely witli 
the condition of the arterial wall. Tlie most striking example 
is in Case 54 : the patient was an old man brought in a state 
of collapse to my ward in the Infirmary by the police. He 
rallied under judicious stimulation administered by the house 
physician. His arteries were thick and hooped, with any- 
thing but a vigorous wave inside them, and yet four days 
after admission his hsemomanometer pressure was 210. At 
the other extreme is a man of 63 with a soft compressible 
artery and a hivmomanometer pressure of 95 only. I doubt 
if there were 20 mm. Hg. between the real pressures in these 
two cases, and yet the haemomanometer gave a difference of 
115 mm. Hg. ! 



1 

Case. 

1 


Sex and Age. 


Condition of Radial Artery. 


Oliver. 
Mm. Hg. 


1 

1 






Case 48 


Male, aged 64 


Artery a little thick (angina pectoris) 


135 


„ 49 


n ., 64 


Artery thick (double mitral) 
Small— thready (double mi^al) 


160 


„ 60 


„ „ 57 


120 


,, 51 


„ „ 41 


Artery thick (double aortic) 


145 


,, .V2 


„ „ 69 


Slight thickening (double aortic) 


125 


,, 53 


„ „ 46 


Do. (mitral and aortic systolic) 


125 


,, 54 


, , aged 


Thick and hooned (4 days after collapse 
from heart failure, alb.) 


210 








,, 55 


» „ 63 


Soft compressible arterv — feeble heart — 
splenic leukaemia 


95 



With regard to the other cases, five of which were under 
treatment for symptoms referable to valvular lesion, the 
condition of the artery is seen to correspond with the ha^mo- 
manometer readings. 

The Importance of recognising Hjrpertonus in Heart- 
Cases. — It is desirable not to pass from tliis group of cases 
without drawing attention to the very great importance of 
recognising hypertonus in heart cases. There is nothing about 
it in literature, so far as I have seen. Sir James Barr has 
looked at the cu'culation from the periphery. Professor 
Saundby in a recent clinical lecture definitely refers to the 
value in some cases of heart disease of dilating the peripheral 
vessels. It is a fact which has been long known to me, and 
which I have used with much success. That the fact has 
not been more widely recognised is the result of the idea of 
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• 

" peripheral obstruction " having been largely outside the 
" working principles " of daily practice. When it is properly 
recognised it will be often found that what a heart needs is 
not to be lashed l)y cardiac tonics, but to have measures taken 
for the relief of the hypertonic contiuction of peripheral vessels, 
with its corresponding lowering of aortic blood-pressure. In 
heart as in other conditions the relaxation of hypertonus 
makes the arterial wall thinner, and there is a fall in haemo- 
manometer reading. Let me again warn those interested that 
relaxing treatment must not be adopted merely on the strength 
of hapmomanometer readings. A thick vessel with a correspond- 
ing low reading, say of 135, may require to have its tone raised ; 
while a tliinner-walleil vessel, with say a reading of 125, may 
with advantage have its tone lowered slightly. The element of 
cultivated skill cannot be elhninated. The internal pressure, 
and the relation of the vessel wall to its contained blood, 
have to be judged of ; and the daily ha?momanometer-reading 
merely helps the finger in the determination of the therapeutic 
course to be taken day by day. 
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CHAPTER XV 

THE RELATIOxV OF ANGINA PECTORIS AND 
ALLIED CONDITIONS TO AN ARTERIO- 
CARDIAC REFLEX HAVING ITS ORIGIN IN 
THE ABDOMEN, AND CAUSING HYPERTONIC 
CONTRACTION ^ 

Introductory. — Angina pectoris has attracted the attention, 
and at times riveted the thought, of many clinicians during 
the past one hundred and thirty years. That it should still 
exercise the same influence over the clinicians of to-day need 
not, therefore, cause surprise. Gibson of Edinburgh, Oliver 
of Newcastle-upon-Tyne, and Mackenzie of Burnley have all 
three recently shown that they were the victims of the 
fascination or attractiveness of the subject. The views which 
are submitted here have emerged from the special attention 
which I have long given to cardiac and vascular disturbances, 
and more recently from a fuller knowleilge of the processes of 
primary and secondary digestion, of nutrition, and of elimina- 
tion. My indebtedness to the work of Pawlow, Herter, 
Chittenden, and others I gratefully acknowledge. Instead of 
conflicting with past observations, these views interpret them, 
and give the clue to the disentanglement of the confused 
mass of opinion on the subject. 

Historical — Heberden to Trousseav, 1768-1862. — We do 
not require to go farther back in our historical retrospect 
than the date when the term "angina pectoris" was in- 
troduced into medical nomenclature. Those who wish to 
examine the earliest records of the symptoms called by this 
name will find the references in several of the older authors, 
particularly in Parry's monograph. 

' This chapter is the reproduction of a paper, T^ith some alteratious, which 
was published in the British Medical Journal ^ 10th February 1906. 

127 



ANGINA PECTORIS 

Angina pectoris was the name given by William Heberden, 
in the year 1768, to a disorder of the breast, which he thus 
described : " Those wlio arc aflected %vith it are seized while 
they are walking, and more particularly when they walk soon 
after eating, witli a painful and most disagreeable sensation in 
the breast, which seems as if it would take their life away if 
it were to increase or to continue." *' The seat of it and sense 
of strangling and anxiety with which it is attended may make 
it not improperly be called angina pectoris." 

As regards the nature of the disease to which he gave 
this name, he says that " the opinion of its being a convulsion 
of the part affected will readily present itself to anyone" 
(p. 64). 

In a later paper, of date 1785, containing the account of 
the post-mortem examination on the historical " unknown," he 
reports that there was no lesion found ; and m his comments 
on treatment he advocated the use of medicines which 
" relieve and quiet convulsive motions" (vol. iii. p. 10). 

Here at the fountiiin-head is found the idea of the 
nervous nature of the clinical phenomena of angina pectoris, 
a conception of the condition shared by many subsequent 
writers. 

The next step worthy of note was made by Dr. Caleb 
Hillier Parry, a physician in Bath, who published in 1799 a 
monograph entitled An Inquiry into th^ Symptains and CatLses 
of the Syncope Anyinosay commonly called Angina Pectoris. 
This work is characterised by remarkable clinical acumen, 
and Parry's views, it seems to me, have not always been 
accurately presented by 8ubse([uent writers. Some of the 
clinical points dealt with by him are to be specially noted. 
He points out, for instance, that the first symptom is " an 
uneasy sensation (described variously as a stricture, an 
anxiety, or a jrnin) about the middle of the sternujn, across 
the left breast, and in certain stages of the disorder usually 
stretching into the left arm " (p. 42), also that the pain occurs 
in paroxysms, and that early seizures seldom occuiTed 
without apparent cause (p. 43). He also insists, "we shall 
always find it (the pulse) become more or less feeble 
according to the violence of the paroxysm " (p. 45). Here 
we have an early recognition of great differences in the 
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degree of severity in the leading symptom. The pathology 
of the condition was held by him, and by his friend Jenner, 
to be disease of the coronary arteries interfering with the 
blood supply to the heart. His induction was that a heart 
with such coronary arteries could not bear any extra 
strain put upon it ; that if subjected to extra strain it 
became surcharged with blooil ; that its action became 
enfeebled, and might cease. The extra strain could be 
induced by mental emotion, by physical effort, and by gastro- 
intestinal conditions. As the heart condition advanced, even 
slighter causes than these might produce paroxysms. Thus 
heart failure and its organic cause formed the central, and 
to him the essential, factors, in determining the gravity of 
the condition. According to Cullen's nosology, this was as- 
suredly a syncope, " The motion of the heart diminished, or 
even for some time ceasing. Motus cordis imminutus, vel 
aliquaindiu quiescens" It differed from an ordinary syncope 
" only in being preceded by an unusual degree of anxiety or 
pain in the region of the heart." He therefore termed the 
disorder syncope anginosa. To make the position of this old 
Bath physician still more clear, let me give his own words 
regarding a patient who had been long subject to attacks 
of what he considered a "very pure angina pectoris." He 
accompanied his patient on a walk uphill in order to 
witness what occurred during the fit. He says, " When the 
paroxysm was thus excited, 1 could perceive no symptom of 
disorder in addition to the uneasiness in the breast, except a 
gradual and most evident diminution in the strength of the 
pulse" (p. 59). 

Allan Burns, Professor of Anatomy and Surgery in 
Glasgow, and practising in that city (1809), accepts Parry's 
view that syncope anginosa orginates " from some organic 
lesion of the nutrient vessels of the heart" (p. 137). He 
compares a heart with " cartilaginous or ossified " coronary 
vessels to a limb with a ligature round it called into active 
exercise. The limb so bound can only work for a very short 
time ; " it soon fails and sinks into a state of quiescence " (p. 
138). He holds that "the essence of this complaint consists 
in a reduction of the action of the heart" (p. 146). 

In 1815, Jurine, in an essay to which the Academy of 
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Medicine awarded a medal, combated Jenner's and Parry's 
view that angina pectoris was due to ossification of the 
coronary arteries. To him " sans douleur sternale, il nV a 
pas d'angine de poitrine" (p. 72), and he argued that the 
angina was essentially due to an affection of the pulmonary 
nerves (p. 123). 

Launnec, (1819), had found that in several subjects 
who had laboured under angina pectoris, and in whom there 
co-existed either hypertrophy or dilatation of the heart, there 
was no ossification of the coronary arteries (p. 757). 
According to him, " angina pectoris in a slight or middling 
degree is extremely common, and exists very frequently in 
persons who have no organic affection of the heart or large 
vessels" (p. 756). Desportes (1811) is quoted by Laennec 
as holding similar views. Angina pectoris was to Laennec a 
neuralgia. 

Forbes (1832), the translator into English of Laennec's 
great work, divided cases of angina pectoris into organic and 
functional. The pain to him was the result of "some 
unknown temporary condition of the nerves of the part," and 
he believed that " such a morbid condition of the nerves may 
be produced in a heart in all other respects sound." 

Bertin (1833) also repudiated the view that angina 
pectoris was due to ossification of the coronary arteries. 
He had seen the symptoms " accompanied with a multitude 
of organic affections, either of the heart or of the large 
vessels, or even of the lungs" (p. 410). 

Hope (1830) held that "the nature and variability of 
tlie symi)tomH of angina pectoris confirm the opinion of 
Ixaunnec that it is a neuralgic affection" (p. 499). 

I^tham (1846), along with a vivid jxirtrayal of angina 
pectoris, considered the disease to be " a certain assemblage 
of symptoms, and not any constant pathological condition 
belonging to the structure of tlie organ" (p. 399). The 
jmroxysm was to him " plainly a compound of pain and of 
something else" (p. 385). It was a "spasm of the heiirt," 
as it luid l)een to Heberdcn. But then note his conception 
of spasm. He says : " Spasm is always accompanied with 
pain. And jmin and spasm, wherever they are, disable the 
part which they befall" (p. 385), "In spasms of smaller 
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degree the heart fails to close freely upon the blood and to 
impel it freely into the arteries. In its spasm of greater 
degree it fails to project it altogether" (p. 386). 

Walshe (1851) looked upon angina pectoris as a "par- 
oxysmal neurosis in wliich the heart is essentially conceraed '' 
(p. 100). He thonglit genuine angina pectoris to' ))e a very 
rare disease, while on the other hand lie " very frequently met 
with a form of complaint combining in a minor degree many 
of the characters of angina." To this " imitation of the true 
disease " he gave the name of " pseudo-angina." He thought 
that this was the explanation of Laennec's notion that the 
condition was of very frequent occurrence (p. 203-4). 

Stokes (1854) agreed with Parry, and says "that the 
symptoms of angina arise from a temiK)rary increase of weak- 
ness in an organ already weakened" (p. 486). He disputes 
Latham's idea of spasm, and thinks the idea of syncope more 
in accordance with observed fact. 

Trousseau refers to the variety of pathological change 
which had been described as having been present in the 
hearts of persons who had suffered from angina pectoris. On 
the other hand, he has of necessity to admit that angina 
pectoris, even when most intense, need not be a symptom of 
an organic lesion. He therefore regarded the organic changes, 
when they were present, as non-essential, as coincidences, and 
held that the real affection was a neurosis — in fact, a neuralgia. 
That there might be no ambiguity in the minds of his hearers, 
he again repeated his opinion that it might be only " an 
idiopathic neuralgia." 

Three Views. — At this point we may draw a line and 
say that up to it there w^ere, if we exclude Jurine's view 
— which we may safely do — three views regarding angina 
pectoris : the first, that it was a convulsion of the heart, or a 
spasm of it ; the second, that it was due to interference with 
its [)lood supply ; and the third, that it was a neurosis — the 
word having no subtle or obscure significance, but meaning 
simply and plainly, a neuralgia — an idiopathic pain in 
nerves. Up to this time, it is also imi)ortant to note that 
the new term was not limited to a relatively rare malady, 
characterised by a few dramatic incidents and a suddenly 
tragic conclusion. Its use had become so extended that 
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WalHhe deemed it desiral)le to introduce the term pseudo- 
angiiia, under which to range the cases that, in spite of 
the correspondence in symptoms, had not the grave sig- 
nificance tliat the fatal angina of Hel^erden presented. 

Angina Pectoris Vasomotoria. — With the year 1867 

a new factor was introduced into the discussion on the 
nature of angina pectoris. Nothnagel in that year wrote a 
paper which he entitled Angina Pectoris Vasomotoina. In 
this condition the symptoms closely resembled those of angina 
l)ectoris, and would certainly, I think, have been placed under 
that designation by some of the distinguished clinicians whose 
works have been referred to. The essential point in this 
paper was the recognition of the important clinical fact that 
in this group of cases narrowing of the arteries preceded 
and caused the cardiac embarrassment and other symptoms ; 
that, in fact, the anginous symptoms were secondary to the 
vasomotor ones ; and that by relieving the cramp in the 
vessels the anginous symptoms were prevented coming on. 

Earlier Observations ox Blood Supply and Muscle 
Pain, Intermittent Claudication. — Before Nothnagel, 
Latham, when dealing with the treatment of pereons the 
victims of angina jMSctoris, had not failed to note the guidance 
to be obtained from a true estimate of the condition of the 
vascular system, lie says : 

" The jmroxysm is often put off and its severity mitigated 
and life prolonged by no means more surely than by keeping 
the vftscular system in a just balance between fulness and 
emptiness, between rich blood and poor blood" (p. 405). 

Tliree years before the date of the i)ublication of I^tham's 
lectures, Sir Benjamin C. Brodie's Lectures on Pathology and 
Surgery were publislied (1846). In them there is a lecture 
on senile gangrene which I doubt if any living surgeon could 
add to. He notes that the condition might be due to 
ossification of arteries or to obliteration without ossification. 
He enlarges upon the prodromal symptoms of gangrene — he 
had noted the numbness, pain, and loss of muscular power 
— whicli may precede its visible manifestation. With the 
clinical instinct of tlie great men of his time, he applied 
these (»l)servations to interpret tlie much -discussed question 
as to the nature and causes of tlie pain in angina. Tlie 
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paroxysm of pain in angina varied in intensity, so it did in 
gangrene, greatly. The pain in gangrene might become 
excruciating — the pain of angina might fail to find words 
adequate to convey a true sense of its anguish. "The 
disease," he says, " is called neui'algia, which," he adds, 
"means nothing" (p. 356). A clear thinker, as well as a 
masterly observer, this surgeon of sixty years ago ! 

A still earlier recorded obsei-vation bearing upon the 
relation between lessened blood supply and pain must not be 
omitted were it only for tlie sake of historical accuracy. At 
the Academic Eoyale de Medecine, the Stance of 4th October 
1831, Boullay submitted an observation lie had made 
on a mare of a condition to which he gave the name 
of " intermittent claudication." The symptoms came on 
abruptly after some minutes* exercise, and they were found 
t<j be due to obliteration of the femoral arteries. When the 
animal was in repose the blood was able to reach the limbs 
by the collaterals, but when it trotted the compressed col- 
laterals did not furnish enough blood, and the limbs were 
seized by cm/ourdisHemcnt and by severe pain, which made the 
animal fall. 

Charcot, twenty-six years later, revived this subject, and 
drew attention to a c()rres|X)n(ling comUtion as it occurred 
in the limbs in man as causing severe pain, and as a pre- 
monitory sign indicative of a tendency to senile gangrene. 
So far as I have found, he did not apply his observations to 
the elucidation of the symptoms of angina pectoris as the 
English surgeon Brodie had done ten years earlier. 

After this, however, intermittent claudication as a cause 
of painful muscle s])asm took its place in medical literature, 
and has been nmch used by later writers when discussing the 
cause of the pain in anginous paroxysms. 

Arterial Spasm. — Standing alone, and forming an epoch 
by itself, is Lauder Bruutou's discovery (18G7) that dilata- 
tion of the peripheral vessels by the inhalation of nitrite of 
amyl removed or relieved anginous symptoms. From this 
date vasomotor spasm became a still more definite factor in 
the consideration and the interpreUition of the " syndrome of 
symptoms " known as angina pectoris. 

What is included under " Angina Pectoris " ? — What, 
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then, are we to regard as angina pectoris ? Are we to 
confine the use of the term to that type of case described 
with such dramatic force by some of the earlier writers that 
there still lingers round its earlier records a glamour of 
picturesqueness ? Are its symptoms to be bounded by the 
dolor pectoris and the aiu/or animi of its early recognition, 
and is its close to l^e characterised ])y the same tragic 
suddenness ? I think not. From the time of Parry the 
term " angnia pectoris '* has been applied to symptoms of 
less gravity, and to conditions where the outlook was not 
necessarily grave. Let me clinch this statement by quoting 
the words of Professor W. T. Gairdner, who, writing in 
1877, says: "We now know that this typical angina is only 
the culminating form of a group of symptoms, which in their 
less pronounced, less definitely painful, and more complicated 
forms, are found to ])ermeate the whole field of cardiac 
pathology and diagnosis " (p. 570). 

From his own personal exj>erienec he says : " There is 
often an element of subjective abnormal sensation ])resent in 
cardiac iliseases wliich, when it is not localised through the 
coincidence of pain, is a specially indefinable and undescrib- 
able sensjition " (p. 5G5). **A sensation which can only be 
called anxiety, or cardiac oppression " (p. 506). 

To this group of symptoms he gave the special title 
anrjina sine dolorCy rec<jgnising thereby what he believed to 
be " its true diagnostic and i>athological significance and its 
alliance with the painful angina of Heberden." Even the 
dolor i)ectoris is, tlien, no longer an essential symptom ; and 
the anchor animi is w^hittled down to a sensation of anxietv. 
This shrewd clinical pathologist saw, liowever, tliat there 
were phenomena which, while iliflerent to, were of the same 
kind as those of tlie classical angina. This is what Walshe 
recognised wlien lie used the much-abused term " j^seudo- 
angina." While (Jairdncr places angina amongst the 
neuroses, he liardly, I think, attaches the same mciining to 
the word as the earlier writers did ; and 1 am not sure that 
he does not somewhat y:rudi;in^lv stick to the term. He 
was clearly imj^ressed by tlie jiossible importance of vasomotor 
s^iasm. 

Dr. Sansom, on the other hand (1892), thinks it probable 
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that a paroxysm of angina pectoris is an intense nerve storm, 
provoked by impulses conveyed to certain cerebro-spinal 
centres (p. 13). He refuses to adopt the theory of cardio- 
arterial spasm as the indispensable cause of the jmin (p. 438). 

Professor Osier, in his erudite lectures on the subject 
(1897), after defining angina pectoris, proceeds to say that 
the term is employed generically to define paroxysmal 
attacks of pain in the chest, qualifying the varieties by such 
names as true, false, hysterical, and vasomotor (p. 8). 

Sir Douglas Powell, in a very admiraljle article, 
classifies angina pectoris under (1) a vasomotor group, and 
(2) angina pectoris gravior, which includes secondary and 
primary cardial angina. Forbes, Bramwell, Gibson, Oliver, 
and othei's recognise two classes, organic and functional. 
Huchard insists that there is only one angina pectoris, and 
that it is always due to ischiemia of the heart muscle. 

From all this it is quite clear that the term is no longer 
confined to the severe and fatal malady described by 
Heberden. It has been extended to a great variety of 
conditions, characterised by some sense of precordial dis- 
comfort, or of discomfort referred directly to the heart, which 
may or may not l>e accompanied by pain, and which may or 
may not be associated with coarse anatomical lesion. It was 
to cover these lesser manifestations that such terms as 
}xseudo-angina, angina notha, false angina, and functional, as 
distinct from organic, have been used and applied. 

Angina is indeed, to use Osier's words, ** a syndrome or 
symptom gi-oup," the clinical pathology of which has to be 
determined in each separate instance. The term angina 
pectoris has in fact the same nosological significance as the 
term dropsy formerly had. It is not a disease ; it is a 
symptom or a group of symptoms, and it is no longer the 
symptom but the cause behind and determining it which is 
the problem presented to the clinical ])athologist of to-day. 

Constructive and Critical. — In turning to the con- 
structive side we have to look at certain vasomotor pheno- 
mena which are to be observed in the lx>dy ; and I hope to 
make it clear what I regard to Ije the relations of those 
phenomena to the phenomena of angina jKJCtoris. 

The presence of arterial spasm has been recognised by 
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many who have written on angina pectoris since the date 
of Lauder Brunton's epoch-making discovery. Views as to 
the causation of the spasm have been various, and the 
relation of the spasm to the symptoms has also been 
variously interpreted. 

An Arterial Abdominal Reflex. — We have to consider 
certain observations regarding an arterial reflex having its 
origin in the abdomen, the importance of which I think has 
not hitherto been fully appreciated. After taking food, and 
for at least part of the time during which the active processes 
of digestion arc under way, there is an influx of blood to 
the whole splanchnic area, leading to hyperemia, such a 
hypeni?mia as considerably retiuces the volume of blood 
in parts outside this area. This drainage into the 
abdominal vessels is balanced in the general circulation by 
a systemic arterial contraction. This is evidently a reflex 
phenomenon originating in the splanchnic system, passing 
to the viusomotor centre m the medulla, and thence trans- 
mitted to the systemic arteries. The existence of this set of 
])henomena has been carefully worked out by Dr. George 
Oliver in the average healthy person. The arterial 
contraction is shown by a definite diminution in the 
diameter of the vessels. It is to be regarded as a 
physiological hypertonic contraction. The fact, then, with 
which I begin is the change in tlie systemic arteries during 
active digestion — whether it be called narrowing, contraction, 
or hypertonus, signifies not, so long as the word we use 
expresses our thought. The change will be found to be a 
reduction in size and an apparent thickening of the arterial 
wall. The degree of these arterial changes depends uj)on the 
kind of meal which has been taken. In the big flesh-eater 
and the wine-drinker the arterial contraction • is associated 
with a rise of blood-preasure and a true increase of arterial 
tension. 

Putting extreme cases aside, the general statement will 
be found to be correct 'that narrowing of the arteries is 
present, but in many people, both middle-aged and old, I 
do not believe that there is anv const-ant rise of blood- 
pressure along with it. The point is not a purely academic 
one, for the small and constricted vessel, with its slight 
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systolic expansion, is very commonly regarded as an indication 
of heart debility, and treated as such. In other cases the 
mistaking of hyj)ertonus for a rise of blood-pressure may be 
of no practical consequence, for the treatment applicable to 
the one is suitable for the other. 

The point here insisted on is the existence of this 
arrangement for adapting the circulation to the normal 
processes of ingestion and digestion of food. It is a normal 
reflex process. It is a systemic vessel constriction originating 
in a normal stimulus in the abdomen, and brought about 
through the anatomical connections in the nervous system. 
It is not, therefore, a " neurosis " ; nor is the exaggeration of 
this reflex, prompted by a large meal of stimulating foods, a 
neurosis. It is necessarv to lav emphasis on this distinction. 
This reflex, like all normal reflexes, is a beneficent arrange- 
ment, and could be easily shown to be one of the means of 
])rotecting the body from injury. It varies in delicacy in 
ditlerent persons ; it exists in all. 

Ex<iffgeratwn of Narmcd Ahdoviinal liejiex, — (J ran ting the 
existence of this normal reflex, it will not be questioned that 
high feeding and alcoholic licpiors accentuate it ; and that 
under such circumstances there is marked raising of arterial 
tension in addition to arterial contraction. 

It must, however, be here recognised that in the latter 
conditi(ms there are two elements present — one, the vascular 
reflex ; ami second, the pissage into the circulation of 
substances produced in the processes of digestion, and of 
substances derived from the alcoholic liquors drunk. It is 
not possible at present to give these two factors their precise 
place in bringing about tlie accentuation of vessel constriction 
and of stimulating the increased tension. The existence of 
the reflex is granted, and there is really little room for doubt 
that certain substances ])resent in tlio blood directly stinmlate 
vessel contraction. Contraction so induced is not a neurosis ; 
it may, indeed, be induced when the connection with nerve 
centres is destroyed. 

Action of Bejleo: on Sclerosed Arteries. — This recurring 
arterial contraction, especially if associated with increased 
arterial tension, is, as T pointed out some time ago, the 
efficient cause, and the usual ciiusc, of arterio-sclerosis in the 
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sense in which this term ought to be used. At the same 
time I dwelt upon the importance of recognising that 
sclerosed vessels are not, because of the change in their 
walls, incapable of contraction, but that, on the contrary, they 
are prone to become hypertonic from causes which are 
commonly regarded as trifling. Professor Pal, as seen in 
his recently published work, Ge/dsskriscn, has also observed 
that sclerosed vessels are jmrticularly sensitive, and specially 
liable to hypertonic contraction. 

Let us bear in mind then — Firsty the existence of this 
systemic arterial reflex having its origin in the digestive 
organs or processes. SecoruUt/, the influence of the character 
of the material introduced into the digestive system in 
accentuating the reflex. Thirdly^ the effect of the reflex in 
producing arterio-sclerosis. Fourthly, that sclerosed vessels 
are particularly liable to hypertonic contraction. 

Relation of Reflex to Angina Pectoris. — The relation 

between the phenomena just dealt with and angina pectoris is 
not at flrst sight apparent ; and, in order to demonstrate the 
close connection between the two, I must now as briefly as 
|K)88ible refer to several illustrative cases which I have 
recently observed. 

Case 56. — Anijina lector U (jrmnor, shomwj extreme sensi- 
tiveness of artcriO'Cardiac reflex and its production by tahintj 
noiLrishment. — The patient was a professional man, aged 67, 
whom I saw for tlie first time on 6th September 1904. He 
had suffered for years from definite and characteristic attacks 
of angina pectoris. Lately he had been much worse, and had 
been confined to bed for weeks. Wlien I fii-st saw him he 
was having many attacks daily, and circumstances of the 
most ordinary kind evidently brought them on — such 
circumstances as the Uiking of nourishment, the presence 
of flatulence, sliglit excitement, and even the changing of 
his ])osition in l)ed. The severity of the attacks varied 
within considerable limits ; the more severe, and therefore 
the more tyi)ical, attacks liegan with })ain in the left elbow, 
which soon extended uj)wards to tlie shoulder and then 
downwanls over the precordia. During an attack the hands 
became cold and painful. The medical attendant, who was 
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watching the patient with the greatest assiduity, informed me 
that the pulse always indicated the advent of an attack ; the 
radial artery became more definite, firmer, and smaller ; the 
pulse rate increasal ; while the wave became small, and might 
almost disappear. In some of the worst attacks the patient 
hatl become unconscious and was thought to be dying. The 
treatment followed was the administration of nitrite of amyl 
and nitroglycerine for the more ]>rouounced of the attacks, 
and the relief attbrded by them had always been prompt. 
Under the influence of one or other the pulse wave became 
larger, the vessel wall softer, the hands beciime warm, and the 
\mn passed off. Tt)e pitient took a remarkably calm and 
intelligent interest in his attacks, and the foregoing is gleaned 
from his own and the medical attendant's description. The 
diet for some time had consisted almost exclusively of 
raw eggs and weak broth, while sedatives of various kinds 
liad been employed metlicinally. The j)atient liad always 
been a large flesh-eater. There was no albumen or sugar in 
the urine. The medical attendant had been impressed by 
tlie fact that the patient more recently almost always had 
a seizure after being given nourishment, even when that 
consisted of some raw egg. I had the opportunity of 
confirming the observations on the change in the pulse 
during a paroxysm soon after my arrival at the patient's 
bedside. During the time I spent talking (|uielly to him the 
pulse was small, soft, and feeble. I examined the heart 
without causing any discomfort. The sounds were so faint 
that they were occasionally inaudible, although the chest 
wall was thin. I next proceeded to examine the abdomen, 
and had my hand ])laced quite liglitly on the epigastrium 
when the i>atieut told us that an attack was coming on. 
I at once removed my hand. He took his attack with 
remarkable composure, and it was evidently not accompanied 
by tlie distressing sensfitions which so frequently jiccomjwny 
anginal seizures. Tain began in the left elbow, which, as has 
alreadv been noted, was alwavs the premonitorv svmptom of 
the more severe seizures, and extended to the shoulder and 
then to the precordia. The face became pile. The radial 
artery became quite abrui)tly hypertonic — that is, it became 
firmer and smaller, the rate rose to 100 and 110, and the 
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tension was sensibly raised. He was at once given a tabloid 
of nitroglycerine, and in a very short time the artery relaxed 
and the pulse became large, strong, and rather thumping, the 
pallor of the face was exchanged for a ruddy tint, and the 
pain ceased. Tlie thumping soon passed off, and the pulse 
resumed the small, feeble character it had presented at the 
outset. 

Comments. — There could,, of coui-se, be no doubt that the 
patient was the victim of a severe form of angina pectoris, 
and that the attacks were accompanied by marked arterial 
constriction. It was fortunately easy to arrest the seizures. 
They had, however, persisted for weeks without any lessening 
in their frequency or in their severity. The question which 
awaited solution was. Could anything be done to lessen the 
tendency to the attacks ? Palliation was easily achieved ; 
but could any measures be adopted which might be more 
curative ? Tlie point in the history which was most un- 
conmion was the fact that the taking of nourishment was 
almost always followed by an attack, although the amount 
taken was small anil coiUd hardly be further reduced. Acting, 
however, on this indication, it was decided to materially alter 
the diet, the nature of which has been already stated. The 
dietary now advised was to consist of peptonised milk, 
peptonised oatmeal giniol, etc., and one raw egg well beaten 
up, daily. The patient was moreover given small doses of 
arsenic, tincture of stroplianthus, and spirits of nitrous ether. 
This line of tieatment was persisted in, and when I saw the 
pitient a fortniglit later the report of his condition showeil 
considerable and satisfactory improvement, the attacks had 
greatly diminislied in number and severity, and the taking 
of nourishment was only occiisionally followed by an attack ; 
the pulse was stronger. Tlie tongue, liowever, had become 
coated, and small doses of rhubarb nnd soda were advised. 

A week later the rcjport was that the attacks had still 
further lessened in severity ancl fre([uency, and that when 
an attack was threatened it could l>e averted by a dose of 
aromatic spirit of ammonia or even by a dose of rhubarb 
and soda mixture. When pain in the elbow came on, it 
was accepted as an indication that the threatened attack 
would be somewhat severe, and the i)atient was at once 
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given a small dose of nitrite of amyl. The sensations 
which now more ordinarily preceded an attack were a 
sense of discomfort and distention in the stomach, and 
attacks were often associated with definite flatulent 
distension, the csciipe of gas being followed by relief. 
The medical attendant noted that when the abdominal 
discomfort supervened the pulse rate increased, and there 
was distinct hypertonus ; as the attack passed the vessel 
wall relaxed and the rate returned to normal. Within the 
next two months the patient's condition varied a good deal, 
but it was noted that any gastro-intestinal or digestive 
upset at once threatened to induce an increased number of 
attacks. The management of the diet and of the digestive 
system required much tact and judgment, and was admirably 
conducted by the doctor in charge. In some weeks the patient 
had improved so mucli that lie was able to be out of bed and 
to move about the house for the greater part of each day, 
and to interest himself in outside affairs. His clinical history 
for the succeeding months was chequered, for as his condition 
improved, it became imjwssible to continuously diet him as 
was desiralde; still, at the end of June 1905 he had not 
had a seizure for six weeks, and was in fact freer of attacks 
than he had been for years. 

Soon after this, however, albuminuria made its appear- 
ance with anasarca. The anasarca was got rid of, but the 
albuminuria ])ersisted ; Cheyne-Stokes breathing developed 
and became extreme. The jmtient finally develoi)ed gangrene 
of his entire right lower limb, of which he died in the end 
of October lOOf), a proof that his arterial system was more 
degenerate than the radials indicated. I submit the case as 
illustrating an extreme exaggeration of the normal reflex 
which has been described. The angina in this jwitient was 
associated with a weak and somewhat enlarged heart. The 
hypertonic spasm of systemic arterioles, resulting from 
gastro-intestinal stimulus, proved so severe a strain on the 
weakened heart as frer[uently to lead to a syncope, during 
the anginal jMiroxysni, which was only short of being fatal. 
If we had had the opportunity of seeing the heart, it is 
probable that atheromatous or ossified coronary arteries 
would have explainetl its debility. The instructive feature 
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was the extraordinary sensitiveness of the peripheral organs 
from which the reflex started, and the success in allaying 
tliat sensitiveness by changing the kind of nourishment given, 
and its partial predigestion. The remeiUal eflect was so 
pronounced that it gave me the impression that in this 
patient the normal reflex had l>een irritated beyond control 
by the free use of tlie more pure jnoteid fcnnls, until it 
responded to the most trifling local irritation. That the 
anginous symptoms were always determined by the vascular 
hypertonic contraction was undoubted, and, so long as the 
latter could be restrained, there was no angina, and, as has 
been indicated, the key of the ix)sition was in the alimentary 
system. 

Case 57. — Condition allied to anginUy showing th^ stimu- 
lotion of the arterio-cardi/ic reflex by digestive disturbance, — 
This case might be classed as angina sine dolore, but I use it 
as an example of conditions allied to angina pectoris, in which 
hypersensitiveness of the abdominal reflex gave rise to pheno- 
mena of considerable interest and importance. 

The patient, aged 68, was a member of one of the learned 
professions, and had spent many years in the tropics. I 
saw him in November 1904, during convalescence from an 
influenzal broncho-pneumonia, and was informed that on the 
afternoon of the previous day, between four and five o'clock, 
he had had a " fainting attack," in which his face became jmle, 
he broke out into a cold i)erspiration, and the pulse was 
imperceptible. The nui^e had been greatly alarmed, as she 
thought the patient was dying. He soon, however, rallied 
from this, and I saw liim in the afternoon of the following 
day. It is unnecessary to enter into the details of this ease 
at this stage, beyond saying that wlien the medical attendant 
and I inquired fully into liis dietary, it was found to be very 
faulty, and he was forthwith put upon a comjMiratively austei-e 
regimen. 

He had no similar attacks during the following days, 
but he often spoke of an attack as impending, and he 
ai)parently expected an attack al>out four o'clock in the 
afternoon. It was thought by liis family and the nurse that 
this was j)ure nervousness, and an expression of the 
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pessimistic view he tended to take of his condition. Five 
days later I again saw the patient, and obtained from the 
nurse the statements on which the preceding account is 
based. I was waiting by the patient's bedside for his 
medical attendant to arrive, and thought the patient, who 
was sitting propped up in bed, looking well, for his colour 
was good. His pulse was 80, soft, small, and feeble. The 
respiration, however, showed a long deep breath often with 
a little sigh, followed by several quiet inspirations; it was 
distinctly " cerebral " in type, and it made me somewhat 
anxious. I asked the nurse to give him half an ounce of 
whisky in water, although ho had had a couple of drachms 
shortly l^efore, as I wanted to see the effect it would have 
upon the pulse and respiration. The effect was unexpectedly 
striking, and even alarming. In a few seconds the pulse 
altered greatly in character: the artery very plainly 
tightened up, becoming smaller and harder, and the rate 
varied within very wide limits. It was frequently 88 per 
minute, then it would run up to over 100, and again some- 
times fall even to 40. Along with this sudden irregularity 
in the pulse rate there were e(iually pronounced respiratory 
and cerebral phenomena. Lying with his eyes shut, the 
patient seemed to fall asleep, and the breathing was so 
quiet and shallow that only on close attention could it be 
seen that he was breathing at all. Then he wakened up 
with a start and a groan, followed by some deep breaths. 
This series of phenomena went on with jx?rfect regularity as 
long as he was not spoken to, each part of the cycle only 
lasting some seconds. When asked on awakening what was 
the matter, he explained that he had become unconscious, 
and hatl been dreaming tliat he was falling down a precipice, 
or passing through some ecjually im pleasant experience, often 
in company with some old friend long dead. He spoke of 
these attacks as " delirium," and insisted that the present 
was only an exaggeration of what he had experienced every 
afternoon, and to which reference has already been made. 
He could be kept awake by sjieaking to him, and he pre- 
ferred being spoken to, because, as he said, it helped him to 
fight against the attacks. When he woke up from the 
nightmare his words were sometimes incoherent and uniu- 
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telligible for a few seconds, but he rapidly regained complete 
self-possession. 

This alarming and curious condition lasted about an 
hour. It had come on about three hours after lunch, which 
had consisted of a chop, spinach, and one potato. Some time 
after that he had had milk and hot water and two drachms 
of whisky in lieu of afternoon tea. When the patient's 
condition was as has been described, I asked the nurse to 
make some tea, and he was given two-thirds of a moderate- 
sized cupful of this. The attack htul completely passed off 
by the time tlie doctor arrived ; the pulse had returneil to 
the condition it was in before tlie attack, the breathing was 
regular, and he was quite calm and self-possessed. When 
the next meal came he was quite able to feed himself. I 
had no doubt the patient's view was connect that the 
symptoms shown this particular afternoon were only an 
exaggeration of the afternoon symptoms which he had 
spoken of, but which no one with more undenstanding than 
a nurse had witnessed. The doctor had called at various 
houra for the purpose of observing the attacks, but the 
stimulus of his visit api)eared to be sutticient to postpone 
them. 

Comments, — The phenomena in this case were very 

striking, and the symptoms could only be regarded as 

indicating an anxious condition of matters. The fact that 

they threatened chiefly in the afternoon, and had so far 

lasted only for a comparatively short time each day, was 

reassuring ; while the time of their occurrence suggested a 

connection between the symptoms and the stage of the 

digestion of the midday meal, which was the principal 

meal of the day. Suspicion was all the more strongly 

directed to this view by the fact, of which I had no doubt, 

that the attack I witnessed was precipitated or intensifieii 

by the half-ounce of whisky given at my suggestion. The 

innnediateness of the effect was startling : it gave the im- 

piession of being ])ro<luced the moment the draught reached 

the stomach. It was indeed impossible to escape from the 

conviction that the phenomena jx>inteil to the production by 

the alcohol of a peripheral gastric irritation or stimulation, 

which precipitated or intensified a condition which was 
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already threatening. On this assumption the local irritation 
must have been followed by a very prompt reflex effect. 
The impulse communicated by the sensory nerves of the 
stomach to the vasomotor centre must have stimulated that 
centre so as to increase its vaso-coustrictor action, the result 
being the hypertonic contraction of the radial artery which 
was so markedly present. This stimulation of the vaso- 
motor centre must have also told in some way upon the 
cerebral blood supply, judging from the cerebral manifesta- 
tions which were present. That even the motor area of 
the brain was involved was shown by the occurrence of 
muscular twitching and starting of the limbs, especially on 
the right side, when the other cerebral manifestations were 
at their maximum. The respiratory centre, as shown by 
the great respiratory irregularity, shared in the perturbation. 
This association, however, is of common occurrence. That 
the attack should have passed off as it did, without any 
therapeutic measures being taken beyond the administration 
of a few ounces of tea infusion, only strengthened the view 
that it had been determined by peripheral conditions of a 
temporary kind ; that, indeed, the true cause of the trouble 
lay in an error in the digestive process at this particular 
period after the midday meal. 

The diet was altered in some of its details, and for an 
afternoon or two the patient was given a dose of one of tlie 
comm(mly used vaso-dilators as soon as the symptoms 
threatened to come on. He had no more attacks ; his 
recovery was complete, and he returned to his duties in the 
East. Nearly three year's later there had been no recurrence 
of the symptoms. 

Case 58. — Anginous paroxysms first appearing on 
2)hy steal effort: influence of emotion and of diet — This 
patient was a public servant, whom I saw in July 1905. 
He had suffered for some time from attiicks of typical 
angina pectoris, commencing with pain referred to the 
heart. This symptom first appeared when he was hunting, 
and so constantly reapi)eared when he attempted to follow 
the hounds that he had to stop doing so. He had had one 
or two attacks of great severity during the night, in at least 
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one of which it was thought he was to die. He had been 
treated with considerahle success by an eminent Irish 
physician. He carried about tabloids of trinitrin in his 
waistcoat pocket, and had been taking potassium iodide for 
some time. His condition had become practically stationary : 
hunting was out of the question ; he could only walk on 
level ground ; the slightest hill, or the slightest hurry, 
produced a breast i)ang, which arrested further actmty. 
When I firat saw him he was having a slight attack almost 
nightly, soon after midnight, and at that time he usmilly 
took a tabloid of trinitrin. He claimed to be a small eater, 
and his daily wine consumption did not exceed two or three 
glasses. His dietetic habits had not been seriously inquired 
into, and had not been altered. He had been told that the 
artery of his heart was rigid, and he and his family were 
dwelling under the shadow of the fear of sudden death at 
any moment. On examining him I found that the heart 
was slightly enlarged, the dulness reaching to the nipple 
line, but the sounds were clear and pure at apex and base. 
Tlie pulse was regular, of gooil strength, and gave no indica- 
tion of an enfeebled myocanlium. The vessel wall was 
much thickened for a man of his age, and in view of the 
arduous life he had led at home and abroad ; there was no 
albumen or sugar in the urine, l)ut it tended to be scanty 
anil high-coloured. The lx)welH were acting, but not freely, 
and his conjunctiva* indiciited " sluggish liver." The (juestion 
here, as in Case I., was whether anything could be done to 
carry improvement beyond the point it had reached. I was 
again fortunate in witnessing a slight attack in this patient. 
When I was examining into the state of his heart and 
vessels, which under the circumstances I was doing with 
great care, and not hurriedly, he became a little agitated, 
and informed me that he was having a slight attack, with 
the usual feeling in his lieart. On putting my finger on the 
radial pulse, it had become markedly hypertonic. In a very 
short time the hyixjrtonic spasm relaxed, and the heart sen- 
sation vanished. 

Here was another instance of the jiain and anxiety of 
angina, assuredly due to arterial spasm. There seemed to 
me, further, no doubt that the measure of emotional dis- 
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turbance aroused by the medical examination had induced 
the attack. There was, therefore, no doubt as to the 
existence of marked vasomotor sensitiveness. As the patient 
was aheiidy taking potassium iodide more or less regularly, 
and trinitrin when threatened with a paroxysm, I felt that 
not much benefit could be expected from further medicinal 
measures. Guided again, therefore, by the theory that this 
vasomotor sensitiveness owed its origin to the circumstances 
and conditions of the alimentary system, I strongly advisetl 
that all wine should be stopped, and that other changes be 
made in the diet. The progress of the case need not be 
enlarged upon ; it is sufficient to say that the patient made 
marked improvement in every respect. Two years later this 
patient was reported as in good health. 

Case 59. — An/fina vnth gastric disorder: attack caused 
hy iialfoiion of epigastrium. — This was a female patient in 
the Eoyal Infirmary, who complained of attacks of pain in 
the chest, over the precordia, with shortness of breath and 
of indigestion and pain in the epigastrium. The heart was 
weak and somewhat dilated. I mention this case on account 
of an experience I had in connection with it somewhat re- 
sembling an incident noted in Case I. On examining the 
jiatient's abdomen I found that there was surface hyperajsthesia 
in the epigastrium, as is common in some forms of gastric 
disturbance ; and as I was gently palpating the region, I 
noticed the patient's face become pale and expressive of 
anxiety and discomfort. I at once put my finger on the 
pulse, and asked her what was the matter; she replied 
that the pain in her chest had come on. The radial artery 
had become markedly contracted and hardened. As the 
liypertonic sjiasm of the artery relaxed the heart discom- 
fort passed off. 

Clinical Pathology. — By gathering up the separate 
points, we are able to explain the wliole clinical pithology 
of angina pectoris. In the first ])lace, there may or may not 
be a morbid anatomy. When present, it varies so widely in 
different instances that, from the earliest times to the i)resent, 
many physicians have refused to accept any anatomical change 
as sufficient to explain the phenomena. Whenever this is 
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the state of knowledge, it will be found that men turn to that 
scapegoat of all that is unknown — the nervous system. 

In attempting to interpret the phenomena of angina 
pectoris, I shall begin with an illustration of the simplest 
form of angina. Tol)acco jMiisoning, from smoking, is 
commonly recognised as the cuuse of a form of angina 
pectoris — a toxic angina. It so happens that I can give 
myself tobacco angina by smoking strong tobacco. Tlie 
symptom which arouses me to the fact that I must put 
my pipe aside is a sense of constriction at the heart, a 
feeling as if it were grasped ; it is not a very unpleasant 
sensation, but it gives one the impression that it only 
required to be much intensified to make the dolor pectoris 
to be avoided, whatever self-denial it required. The heart 
discomfort is accompanied by a hyi)ertonic contraction of 
the radial arteries. Discomfort and hyi)ertonus disappear 
together. If I am told this is a neurosis, all I can reply 
is, if it is, opium poisoning, or tetimus, is also a neurosis ; and 
that I do not look at morbid processes from that standpoint. 

Whatever the degree of intensity the heart-pang may 
reacli, it is, I believe, always the result of a siidd^n 
embarrassment of the myocardium, and usually and chiefly 
that of the left ventricle. This sudden heart embarrassment, 
varying widely in degree and intensity, is the one fact 
conmion to all the divisions or subdivisions under which 
all cases have been classed. Tlie angor animi, which also 
varies in degree, is, I think, common to all sudden heart 
embarrassments, which fall sliort of l)eing so immediately 
fatal that there is no time for the development of such 
sensations. 

Professor Clifford AUbutt attributes the pain to an 
aortitis or a i;)eriaortitis. When either of these is present, the 
raising of aortic pressure following upon arterial contraction 
may well ciuise a pain comparable to pain caused as I have 
just indicated. 

The heart embarrassment is, as Mackenzie has quite 
recently pointed out, an "impairment of the function of 
contractility." This is the modern ex])ression of what Parry 
meant by " synco{)e." It is to this condition, associated with 
pain, that Eosenbach confines the term " stenociirdia." 
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The impaired contractility is due either, in the first 
place, to the sudden strain put upon a feeble myocardium 
by general arterial contraction, or by a call for increased 
work ; or, in the second place, to a myocardium feeble, not 
from anatomical changes in it, but temporarily so, from 
deficient blood supply, the result of the participation of the 
coronary arteries in a general arterial spasm. 

The cause of tlie sudden heart embarrassment in the vast 
majority of cases is the arterial hypertonic contraction, or 
spasm contraction, we have been considering ; the latter term 
indicating the more sudden and severe degrees of contraction. 
Even toxic conditions only give rise to angina when the factors 
indicated are present. 

By means of tlie cases reported I have endeavoured to 
illustrate the remarkable relations which exist between 
the digestive system, or the materials introduced into it, 
and the general arterial system. I have also shown that 
conditions having their origin in the abdomen can induce 
a h}^)er8ensitiveness of a normal vasomotor reflex, which 
becomes apparent as arterial spasm, whenever the exciting 
conditions are sufficiently pronounced ; and tliat when those 
conditions are altered the arterial spasm disappears. 

As I have already indicated, the arterial spasm may be 
determined by direct irritation of the stomach. In two of the 
preceding cases the spasm and its accompanying paroxysm of 
angina were caused by jmlpation of the epigastrium. This 
illustrates tlie well-known nerve connection between surface 
and viscera — gastric disorders frequently amsing surface 
hyi)eriesthesia, while in these two cases the surface stimulus 
produced the same effect as if a stimulus had Ijeen applied 
directly to that viscus. 

The stimulus is also provided by the substances taken 
into or absorbed from the alimentary tract. These substances 
exercise a supreme influence in producing and in maintaining 
the hypersensitiveness of the vasomotor reflex, and therefore 
of the vasomotor centre. 

This hyperseiisHiiriif'iiS of the vasomotor centre explains 
what lias long lx;en recognised — that paroxysms of angina 
have as their main determining cause physical ettbrt, mental 
emotion, or digestive disturbance. 
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The Unifying Principle. — By the application of the 
facts I have brought under review the group of symptoms 
known as angina pectoris can be satisfactorily explained, no 
matter how diverse the conditions may be in which it occurs. 
It explains the occurrence of the symptoms without anatomical 
change, while at the same time it shows the importance of the 
presence of anatomical clianges in the coronary arteries, or in 
the myocardium. In this connection it must always be borne 
in mind that even calcareous coronary arteries are not 
calcareous to their finer subdivisions, so that in this condition, 
as well as in the varying degrees of arterio-sclerosis, the 
power of spasm contraction is not lost — may indeed be 
intensified. It gives to the nervous system its due place 
in the production of the phenomena. 

To illustrate the production of a paroxysm by mental 
emotion or physical effort, let me refer to Case 58, in which 
slight emotional disturbance or slight exertion had the effect 
of inducing a paroxysm. The connection between the 
emotional centres and the vasomotor centre is a normal 
one, and constantly active. In this case a normal emotional 
impulse acted upon the hyj^ersensitive vasomotor centre, 
resulting in tlie arterio-cardiac phenomena of angina. This 
wfiis no abnormal excitation of any emotional centre. It was 
a normal excitation passing on to an abnormally sensitive 
vasomotor centre. The vasomotor centre in this same patient 
was equally intluenced by slight physical effort; it was not 
the vohmtary muscle centres, nor the nerve endings in the 
muscles, whicli were unduly sensitive, but the vasomotor 
centre to the normal influences resulting from voluntary 
muscular effort. 

By the cases reported I have also shown that this 
hypersensitivencss of the vasomotor centre, even in grave 
angina pectoris, can be reduced, controlled, or even removed 
by dietetic measures, with the result that the anginous 
seizures are removed or greatly modified. In cases where 
the arterial spasm is associated with f^reat anatomical change, 
either in tlie niyixvardiuni or in the coronary vessels, absolute 
cure can liarcUy be looked for ; but in all cases the symptoms 
of angina pectoris may be nmch ameliorated by accepting, as 
a working hypothesis, the propositions I have ventured -to 
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submit, and' conducting the treatment in accordance with 
what they indicate. 

There was need of a principle which, when apphed, would 
explain the phenomena in each of the various groups into 
which the disorder has been divided. There was abundant 
clinical experience showing the remedial effect on the 
paroxysm of vaso-dilatoi-s ; but the only explanation of 
the arterial spasm which up to the present time has been 
offered has been, to use Sir E. Douglas Powell's words, that of 
" a pure neurosis of the cardio-vascular system." 

Owing to the varying degree of intensity of the symptoms, 
I would suggest that in classifying the cases the simplest 
distinction might be found in the terms " angina pectoris 
major" and "angina pectoris minor," the former being 
confined to those cases in which there was believed to be 
l)ermanent anatomical change in the heart or its vessels. 
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THE PHENOMENA CAUSED BY HYPERTONIC 
CONTRACTION OR SPASM CONSTRICTION OF 
CEREBRAL ARTERIES 

Although physiologists have not located a vasomotor centre 
for the cerebral vessels, there are many nervous phenomena 
which can only be satisfactorily explained on the assumption 
that these vessels can and do contract. To the clinical patho- 
logist the hypothesis that tubes possessed of a muscular coat 
do not respond to stinmli, is as improbable when it is 
applied to the cerebnil vessels, as it would be if applied to 
any similarly constituted structure in any other part of 
the body. Clinical medicine requires the recognition of such 
contraction. In such circumstances it is usually found that 
laboratory investigation ultimately is able to demonstrate 
what has been inferred from clinical phenomena. It is, indeed, 
desirable to keep tlie clinical a8i)ects of various problems 
clearly defined, so that our physiological coadjutoi^s may 
tliereby be encouraged to continue their very imix)rtant 
investigations, and ixjrhaps be prevented from regarding 
(|uestions as settled wlieu clinical requirements are not 
satisfied. 

It is important and interesting, however, to remember 
that all the arteries in the bodv are not connected with the 
vasomotor centre in the medulla. The systemic vessels and 
the splanchnic system are linked to tliis centre, and through 
it have mutual relations with each other. Tlie vessels in the 
brain, the coronary arteries, and the pulmonary vessels are 
apparently not linketl to it. In this chapter attention is 
confined to the first <;f these, and various clinical phenomena, 
common in clinical experience, are dealt with. The more 
severe of these are due to softening from permanent cutting 
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off of the blood supply from portions of brain, while the less 
severe are unquestionably due to interference with brain 
function, caused, I believe, by local disturbances or alterations 
in blood supply dependent upon temporary and evanescent 
vessel changes, and in a considerable degree capable of 
being influenced by therapeutic measures. A gradual in- 
tensification in the phenomena referred to will be found, 
rising from transitory sensations of numbness or tingling to 
hemiplegia and aphasia. Many of these phenomena have 
been entirely misunderstood, because the explanation of them 
had not got beyond the point of referring them to the 
vague Ciitegory of the " neuroses." Any suggestion that the 
phenomena might be vascular in origin was limited by the 
tendency or habit of thinking that all vessel phenomena in 
the brain were embraced under either embolism, thrombosis, 
or hemorrhage. The object of tliis chapter is to show moi'e 
fully than I have yet done, that contraction of cerebral vessels 
is the direct or indirect cause of the phenomena referred to. 
I have dealt with tliis subject in papers already published, and 
since then it is to be noted that a few other writers have 
adopted a like view. In previous contributions to the subject of 
hyi)ertonic contmction of cerebral vessels, I have dwelt in the 
main on hypertonus as shown in sclerosed vessels ; that is, in 
cases where cerebral manifestations were associated with 
decided changes in the systemic vessels. Here I do not 
confine myself to this phase, but cover a wider field, so that 
the links in the chain of evidence may be more clearly seen 
to be united. 

CEREBRAL VESSELS, ALTHOUGH NOT CONTROLLED 
FROM THE VASOMOTOR CENTRE, POSSESS CON- 
TRACTILITY, AND RESPOND TO NERVE STIMULI 

Phvaiolomsts have sliown that the cerebral vessels are 
not under the control of the vasomotor centre in the meiiulla, 
and, as has been stated above, tliey have not so far found a 
centre for tliese v(.'ssels in any other part of the encephalon. 
It would, liowever, l)e verv unsound to assume from this that 
cerebral vessels have little if any contractility. 

It is of great interest, however, to realise the significance 
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of the fact tliat, while the great systemic system of vessels is 
under the control of the vasomotor centre, some local systems, 
such as the brain, are not so controlled. It was presumably 
this fact, coupled at one time with the failure to demonstrate 
nerve filaments in connection with cerebral and other vessels, 
w^hich led to the hastv conclusion that the muscular tunic of 
such vessels was unimportant, if not even non-essential or 
unnecessary. The acceptance by the physiologists of the 
existence of nerve fibres connected with cerebral vessels en- 
tirely changes the standpoint. Both Morrison and Gulland 
claim to have demonstrated, by the newer methods of 
histological investigation, the existence of such filaments ; 
and this has been accepted by so eminent a physiologist as 
Dr. Leonard Hill, who, while stating at page 146, vol. ii., of 
Scliiifer's Physiology (1900), that "no evidence has been 
foimd of the existence of vasomotor nerves," has added a 
note at page 168, presumably as the work was going through 
the press, granting the existence of such cerebral vasomotor 
nerves. This being so, it is not necessary to labour the point 
that cerebral vessels contract and dilate, for the possession of 
a muscular coat and nerves in their walls settles that. The 
relations of these nerves have not, however, been demon- 
strated ; but, notwithstanding this hiatus, it may be con- 
fidently assumed that nerve filaments, here as elsewhere, have 
central connections. Although these filaments are not con- 
nected with the systemic vasomotor centre, they must have 
connections with other centres ; and it is probable, indeed 
certain, that some of these are witli emotional centres. It is 
accepted that emotion influences cerebral function in other 
than emotional centres, and it is assumed from analogy that 
it does so by influencing local blood supply. It is not 
necessary to argue that local function and local blood supply 
go hand in hand. It is equally unnecessary to argue the 
proposition that local variations in blood supply must occur 
in the brain ; and may evidently be determined by causes not 
acting upon tlie ordinary va8<:)motor centre, and therefore 
showing no similar or corresponding changes in tlie systemic 
vascular area controlled from that centre. While this is true, 
the converse must l>e eciually true, namely, that conditions 
which act throiujh the ordinary vasomotor centre do not act 
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upon the cerebral circulation. When the point is thus stated, 
and we allow our minds to look at it, and to realise that the 
separation of the brain blood supply from the influence of 
the ordinary vasomotor centre must protect the brain from a 
multitude of influences which would keep it in a constant 
state of instability, the arrangement becomes a very striking 
and evidently a beneficent one. That the cerebral vessels 
must have a vasomotor centre of their own seems, 
however, to be a reasonable inference, and perhaps the 
physiologists may yet be able to locate it. Meanwhile, we 
may safely assume that the cerebral vessels contract and dilate 
under the influence of certain nervous impressions or stimuli. 

THE VESSELS ACTED UPON BY SUBSTANCES IN THE 

BLOOD. 

In a previous chapter it has been pointed out that a 
number of substances used theraix)utically act directly upon 
the vessel wall, — that is, without the medium of the nerv^ous 
mechanism, — leading to contraction or relaxation of its muscular 
coat. The direct action of the secretions of the adrenal and 
pituitary glands ujmju tlie vessel wall has also been referred 
to as adding weight to this important and far-reaching 
proposition. That the secretions of these glands must take 
an importimt part m determining vessel tone, which really 
means the degree of contraction of the muscular tunic, seems 
to be an unavoidable inference, and if this be correct it 
requires to be further realised tliat the substances in (juestion 
are prolmbly present in relatively small amount in the blood. 
It is unthinkable tliat organs secreting substances with such 
striking properties are not in definite, important, and constant 
relations witli normal and ordinary pliysiological everyday 
processes. It must, it seems to me, be accepted as a law that 
vessels respond directly to the influence of substances present 
in the circulating l)l()od even in small ([uantity. 

THE APPLICATION OK THE FOREGOING TO THE 

CEREBRAL VESSELS. 

From tlie foregoing it is evident that we are entitled to 
formulate and to hold the following four important pro- 
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positions, namely: first , that vessels possessing a muscular 
coat must be regarded as capable of contracting and dilating, 
although not connected with the systemic vascnnotor centre ; 
secomfy that it has been experimentally proved that the 
contraction of vessels may be cirect€<l by the direct action 
on tlieir walls of sul)st4inces circulating in them, acting 
without the intervention of the nervous mechanism, and 
present in small quantity ; third, that the ])henomenon of 
vessel constriction is not necessarily present in all pirts of 
the body simultaneously, but can be manifested locally ; and 
fourth, that these propositions must be applicable to the 
cerebral vessels. 

The two influences which attect the degree of tone, con- 
traction, or constriction of vessels are therefore nervous 
influences and blood com})osition ; and this must be tnie of 
tlie cerelnal as it is of the svstemic vessels. 

Nerve Influence. — The effect of nerve influences is seen 
in the result of emotion on cerebral activity — it may exalt or 
depress, it may open w-i<le the gates of speech, or it may 
cause a temporary loss of utterance. All similar and allied 
phenomena must be held as associated with focal modifications 
of blood sup])ly, and conse(|uently with a degree of lowil 
vessel constriction. This is our conception of brain function 
and its attendant blood supply. I need only ([uote one 
readily available physiological support to this, which states 
that in the cerebral vessels " there is to be recognised a 
movement of vascular elevation and depression occurring 
from twice to six times in a minute, corresponding to the 
jKirioilic-regulatory <lilatati<m and contraction of the vessels." 
It is further stated that " tliis movement is influenced bv 
emotional disturbances." 

Influence of Blood Composition. — The direct influence 
on the vessel wall of substances circulating in the blood has 
been so fully established, tliat it is only necessary to lay 
emphasis on the statement that the facts must be applicable 
to the cerebral vessels. Wliatever difticulty there may have 
been in the past regarding the cerebral vessels in relation to 
nerve impulses, it is impossible to exclude the cerebral, or 
any otiier group of vessels, from tlie influence of blood com- 
position. And I venture to suggest that it has been the 
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non-recognition of this fact which has given rise to in- 
accurate and luisleacling teaching. 

Effect of Strychnine. — There is, it seems to me, a large 
and important fiehl in connection with the cerebral vessels 
reiidy for investigation. As warranting this statement, I 
may, using tlie authority above referred to, point out that 
strychnine irritates the systemic vasomotor centre leading to 
constriction of vessels, while there is at the same time an 
increase in the amount of blood in the arteries of tlie centml 
nervous system. This shows that the latter do not jmrti- 
cipate in the contraction ; that, in fact, this substance has a 
different action upon the cerebral vessels to what it has on 
the systemic vessels, presumably because it acts through the 
systemic vasomotor centre, and not directly on vessel walls. 

The Relation of the Pituitary Body to the Cerebral 
circulation. — This field for investigation seems to me to be 
even more interesting than the foregoing suggests. It has 
been shown that the liypophysis of the pituitary body has 
much the same constrictor influence on the vessels as the 
adrenal. It seems to me unreasonable to regard the pituitary 
hypophysis as a mere supernumerary of the adrenals, and yet 
I have not seen it suggested that the former may have any 
special relationship to the cerebral circulation. And yet 
what would be more reasonable or more in conformity with 
much of our more recently acquired knowledge of the relation 
of structure to function ? Seeing that the cerebral circulation 
has a considerable measure of local autonomy, it is but 
reasonable to expect that this si)ecial structure is present 
where it is to facilitate the working, or even as necessary to 
the realisation of this autonomy. Although both glands 
have a similar action, reference has already been made to 
Haynes* work, which shows that there is a difference between 
them which is botli interesting and suggestive. In the series 
of experiments with ergot, dealt with in a previous chapter, 
he has shown that large doses of ergot (which have the 
reverse effect of small doses) abolish the action of adrenal 
extract, wliile they do not so act upon pituitary extract. 
Large doses of ergot also lead to loss of sympathetic nerve 
action, so that ergot has a corresponding effect upon 
symjiathetic and adrenalin action. It has, however, no such 
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action upon the pituitary, the cerebral analogue of the 
adrenal; and the cerebral circulation is also outfiide the 
systemic vasomotor system. The conditions which regulate 
the activity of the pituitiiry are as little known as those 
which determine adrenal activity, but it will not ]ye 
questione^l that Haynes* findings are highly suggestive, and 
suggest subtleties the investigation of which by physiologists 
might place most valuable measures in the hands of the 
clinician. Garnier and Thaon have sliown that when the 
vagus is cut the pituitiiry hypophysis has no eflect on the 
blood-pressure. 

Clinical Application. — It appears from the foregoing that 
we are abundantly justified in requisitioning cerebral vessel 
contraction for clinical purposes, and also in holding that the 
state of the systemic is in some cases a guide to the state of 
the cerebral vessels, while in other cases it is not a guide. 
This being the position, it must be further assumed that the 
vessels in localised jind circumscribed areas of brain can be 
attected without a like and simultaneous involvement of the 
entire intracranial circulation. Such a proposition is, in 
view of the anatomical and physical conditions, incapiible of 
ocular demonstration ; but even here w^e are not without 
cognate facts which warrant us in accepting it. It is well 
known that local vessel constriction is an accompaniment of 
migraine, and that relief of suffering accomjianies vessel 
relaxation. It has also been noted that spjism of retinal 
vessels may occur in Raynaud's disease. Dr. Lundie recorded 
a case recently in which he contended that temporary 
blindness Wiis due to spasm of retinal vessels, the blindness 
l>as8ing off when the constricted vessels relaxed. In the 
argument in support of his contention regarding the cause of 
the temporary blindness in his own patient, he refers to other 
observations of the same kind in which both generalised and 
limited constriction of retinal vessels had been noted. 
When the constriction is limited, the area of blindness 
corresponds with the position of the constricted l)ranch. 
Lundie 8 interesting paper brings together sufficient facts to 
prove that temporary constriction may occur in all or some 
of the branches of the retinal artery, and my contention has 
l)een that corresponding processes occur in the brain. That 
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they occur in the retinal vesHcls gives strong support to my 
contention, and I hold may be claimed to be as near absolute 
proof as is attainable. 

I liave arranged the cases sliowing synii)tonis which I 
hold to be the outcome of vas(*ular disturbance in tlie brain, 
into groups illustrating the degrees of importance of the 
symptoms. The groups also show a gradation of links which 
strengthens the contention that the cases have the same 
underlying clinical pathology. 

The patients, showing the symptoms referred to, can be 
divided into two main classes ; namely, those whose vessels 
were sclerosed, and those whose vessels were not per- 
manently thickened. In the different groups both classes may 
be included. 

GROUP I. — TRANSITORY PHENOMENA: SLIGHT AND 

GRAVE. 

I begin with the cases showing minor and transitoiy 
phenomena, minor when occurring in i>er8ons with soft 
vessels; of much more grave significance when occurring in 
persons with thickened vessels. In the second class the 
symptoms are commt)nly and justly regarded as premonitory 
of apoplexy. 

Accompaniments of Migraine. — It is not necessary to 
dwell upon the association of migraine with arterial con- 
tmction, for it is widely known and recognised. Not only 
that, Imt Thoma states that he lias seen a case of supra-orbital 
neuralgia followed by thickening of the temporal artery, on 
the side atUickcd by the pain, the result of the recurring 
spasm. It is also well known that various visual phenomena 
may be associated with an attack, the most striking being 
a homonymous hemianopsia on one or otlier side. When 
recently talking over this asj^ct of my subject with Mr. E. 
Marcus Ounn, F.R.C.S., Senior Ophthalmic Surgeon at 
Moorfields Hospital, London, he informed ine that he knew 
of cases of migraine which were accompanied with various 
defects of speecli, such as partial or complete motor aphasia, 
a measure of anmesia, or a degree of paraphasia. He also 
knew of sensory phenomena referred to one side of the body, 
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of hemiparesis, or of brachial monoparesis. These various 
accompaniments coincided with the attack of migraine, and 
disappeared with its subsidence. Assuming the view of the 
relation between migraine and local arterial spasm to be 
correct, and personally I do not doubt it, it is legitimate to 
infer that the additional phenomena are the result of a 
corresponding spasm in the areas of brain to which they are 
referable. 



Cases illustrating Transitory Phenomena. 

Case 60 was a young medical graduate, who informed 
me that when he was working liard and much run down 
in condition he had an attack of complete loss of speech 
and of power in the right arm. The condition after 
lasting for an liour passed off. He was subject to attacks 
of migraine, and it was thought that this seizure was a 
" migrainous manifestation." Ho himself, in the light of 
my published views on hypertonic contraction of arteries, 
had come to regard the attack as illustrating and confirming 
my contentions. This case corresponds with the cases 
referred to in the preceding paragraph. 

Case 61 was a medical friend in middle life, who on 
getting out of bed one morning had a sensation of numbness 
on the left side of his body, including his face. He could 
move his limbs and stand, but liis limbs felt as if they did 
not belong to him. The attack passed off hi a few minutes. 
The arteries were soft. 

Case 62. — ^A gentleman, set. 69, consulted me regarding 
a recurring feeling of numbness in the right arm, which came 
and went without any cause so far as he could see. He had 
a feeble circulation, and a tendency to slight hypertonic con- 
traction of his vessels. I gave him a pill containing iron and 
digitalis, and a mixture containing 10 minims of sp. etheris 
nitrosi in each dose, with instructions to take a dose when- 
ever he felt the sensation referred to. He was quite confident 
that the ether gave him speedy relief, and he soon ceased to 
experience the unpleasant sensation mentioned. 
L i6i 
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Case 63. — A man, jet. 63, consulted me at the Eoyal 
Infirmary on Wednesday, 30th May 1906. He stated that 
on the previous Saturday he completely lost the power of 
speech for an hour or two, but regained it fully before night. 
When he awoke on Sunday morning his whole left side was 
powerless, and his face was twisted to the right. Power had 
returned to the arm and leg sufficiently to permit him to 
walk to the Infirmary. When he presented himself there, 
he still showed a little feebleness of the limbs on the left side, 
and the face was drawn to the right side. There was no 
loss of sensibility. The radial arteries were markedly 
thickened, but there was no albumin in the urine. There 
had been no loss of consciousness. 

Case 64. — A man, a?t. 48, was seen by me on Monday, 
3 1st December 1906. His statement was that on Saturday 
morning about 8.45, when lying in bed before having break- 
fast, but an hour after having had a cup of tea, a feehng 
as of pins and needles began in his left ankle, spread up his 
leg, the left half of his trunk to the shoulder, and down the 
left arm. It was not in the neck or face. His arm became 
" cold and useless " : he could move the arm but it felt useless, 
and he could not grip the bedclothes with his hand. He 
did not try his leg. In about half an hour this passed off 
slowly, and he " felt the heat gradually coming back." On 
Sunday morning (the day before I saw him) about a quarter 
to nine he had begun breakfast in bed and wanted to 
speak to his wife, but could not speak, " could only make a 
noise," and " get no words out." He stopped taking break- 
fast and lay quiet. About 10.30 speech returned, but it 
was " kind of stumbling " all day — " like a man that stutters." 
On Monday morning he was all right. He had been confined 
to the house from the preceding Monday with "a cold" 
(influenza). There was no albumin in the urine. The radials 
were slightly hypertonic, the puLse was feeble, and the heart 
sounds faint. He had some other attacks and came into my 
ward in the Eoyal Infirmary on 7th January. He was kept 
in bed and given liquor strychninne and tincture of squill. He 
had three attacks of a " prickly feeling " in his left side, and 
one which he described as a " dragging," " like leather which 
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had l>een wet and then was drying." The pulse ranged 
between 78 and 84 or so. The htemomanometer on three 
different days gave readings of 105°-05° and 100°. The 
pulse was soft and feeble. He went home ou tlio loth, and 
reported himself at the ward on the lOtli, and was advised to 
continue his medicine. 

Case 65. — Thomas N., *t. 68, army pensioner, stated 
that on Saturday, 15th December 1906, he had l)een out 
walking about as usual. On the following day wlien he got 
out of bed he had a feeling of numbness in the left side of his 
face and the left arm and leg. I saw him at Queensberry 
House on the following Wednesday, the 19th, when he com- 
plained of a feeling of numbness and " stittness " in his whole 
left side, and thought it was " rheumatic " and due to a 
"heavy cold." The condition had become worse since 
Smiday, and he felt that he was dragging the left leg more. 
He could move the left arm and hand, but he could not grasp 
my hand ; he could just close his fingei-s on my hand. He 
had been moving about since Sunday, but he dragged the left 
leg a little. The face was drawn slightly to the right, there 
being distinct paresis of the left. Speech was not affected, 
but he became emotional when I told him he must go to bed. 
I sent him to my ward in the Infirmary. When examined 
in bed, in addition to the foregoing facts, it was found that 
sensibility to pinching was diminished and delayed on the 
left side. The knee jerk was absent on both sides. The 
plantar reflexes were not elicited by tickling the soles, but on 
deep pressure the right was much more active than the left. 
There was no Babinsky. The pulse was 66, the artery 
somewhat thickened, Oliver's hsemomanometer recorded a 
pressure of 165. He was given half a grain of erythrol 
tetranitrate every four hours. On the 20tli, he was given, 
in addition, 5 minims tinct. digitalis every four hours, wliich was 
reduced to 3 minims on the 21st, as it had tightened his vessels; 
and as this effect was still more marked on the 22nd, it was 
stopped, and the erythrol was given every three hours, and 
in addition 5 grains of potassium iodide were given three 
times a day. On the 21st, the patient could draw up and 
extend the leg against considerable obstruction ; no resj)onse 
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to tickling tlie soles : ileep pressure gave msrk^ 

nil ri^ht side, but very faint on left. On the 23bi 

iif the hand waa a little stronger. On tlie 2Gth, 1 

llic hftuil hud further inci-efiHed. On the 2' 

stopped, iodide of potasBiHin wuk CJiitiutUHl, nuil he T 

in addition 6 luiuiniH of li(i. Blryehnimi- liydrofhlnridi tbre«^ 

a day. On the 30th, he moved his left hnud anti arm I 

and said that they felt "qvite well" : the j,'t;c^|. .if iht- hai 

was ati-ong. There was still pni-esis of the 

face. The i-eflex to ticklicg the soles wus i-nnupt and c 

on the two sides. There was no dragging of tiie fod 

walking. The radial artery on the 29tb, as well i 

30th, was Boft, all trace of tliickeuiug ha\'ing d 

There was more colour in the face : at firet his fac 

and somewhat pinched, now it was slightly vn 

hiumomanometer gave a reading of 120. He w. 

to go out on the Slst. I saw him on the 18th c 

when he confidently asserted that his arm and leg J 

right," but the left side of bis face had not made aoj 

measure of recovery, and he complained of his food g 

Itetween his cheek and gum on that side. This l 

remained well when this went to press in the l 

September 1907, 

Eemarks. — When the subsequent groups of case 
followed, it will be seen that the cases in this group c 
themselves into the two classes already mdicateil, — the lea 
grave cases being represented by the victims of migraine, i 
whom the symptoms are uaiially well under medical contr 
and the prognosis correspondingly satisfactory. The gran 
cases are those in which the symptoms are associated wiU) 
vessel thickening, or occur in old people with soft vessels ant 
a feebly acting heart. Tlie gravity of these latter cases li 
in the risk of cerebral softening taking place, the etepe whidi 
lead to such a disa^er are discussed later. 

These cases lead to a second group in which there v 
i-ecurring mental or motor phenomena. In this group the 
is prnliably always arterial disease. 
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rTRRING MENTAL OR MOTOR 
riEKNOMENA. 



rin thifl grrmp I iiiclii'k' a iiumWr of cases, wliicli illustrate 

laiderable varietj' uf cliiiiiail pLenomeua which may bo 

mtWed. iiuil the siguificaiice uf which it is desirable not 

ippreb(jD<i in practice, I begin tlie group with a 

litarj man. 

E 66, let, 70 years, had thickened arteries, anil marked 
There was no albumin iu the urine. He com- 
[ of having become unusually somnolent after lunch and 
; his speech had become a little thick and blurred ; hut 
inoyed him most was that he had begun to spell woi-da 
Hy in big letter's, a thing he had never done before; 
Ebad also become slightly unsteady. In fact, his coudi- 
B time to wliich 1 refer, which was some years before 
H such as to suggest rapid cerebral degeneration. I 
rever, satisfied that the symptoms were due to hyper- 
t /qJ his sclerosed vessels curtailing the brain blood 
I knew that in eating and drinking he was very 
r, as judged by ordinary standards, yet after careful 
B.tion I strongly ailvised him to give up the glass of 
I he took at lunch and lUnner. He at once fell in with 
Ey advice ; and was rewarded by the disappearance iu a very 
short time of the symptoms which liad given us so much 
concern. Along with the iuiprt>vemeut there was a definite 
arteiial relaxation. I mention this case because it is Ulusti'a- 
tive oE a type. There was a very marked readiness on the 
part of the arteries to tighten up a little, and for long periods 
a small (luantity of jtotassium iodide was suHicient to contn^I 
it. After the continuance of such a period there would bo 
some deviation from the ordinary austerity, some extra proteid 
added to the, dietary, or some small measure of alcoholic fluid 
taken at lunch or dtnuer, and as sure as this iK^cuned there 
was a tbi'eatening of the foi-mer symptoms, and an appreciable 
hypertonic tightening up of hia radial arterip.f. Tbe total 
quantity of proteid — and, iudeed, of every kind of food taken 
— was relatively small ; aud the same was true of tbe 
)ount of wine or of spirit. A more regidar and temjierate 
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man could hardly be found, and yet he was constantly 
threatened with dangers more associated with the opposite 
habit. How is a patient of this kind to be looked at ? Are 
we to be content to regard hiin, as is not unusual, mei'ely as 
an old man whose "strength" has to be kept up? This 
view, when acted upon, ends speedily in disaster. I submit 
that this man showed in later life in a concrete form what had 
been his physiological standard during life. There was in 
him a physiological barrier to his being a large feeiler or a 
big drinker. We all know such persons — persons who 
cannot eat big dinners daily, or take alcoholic liquor of any 
kind regularly save in small quantity. The barrier is really 
a physiological one ; the organs concerned are not capable 
of dealing with the amount or kind of work thrown upon 
them, and auto- intoxication or toxaemia of one kind or 
another results. 

Case G7. — This case illustrates a type of symptom common 
in old people with thickened vessels, physical weakness, and 
the deteriorated brain, so frequently regarded as the inevitable 
result of senility. 

Such persons from time to time are seized with restlessness, 
insomnia, mental excitement, which amounts, during the 
night, to a form of delirium. They get out of bed during the 
night and wfmder about the room if allowed to do so, or do 
strange and dangerous things, as lighting matches, and 
interfering with the fire. When an attack of this kind is on, 
I always find that their sclerosed arteries have undergone 
marked contraction. I had some time ago, in tlie male sick 
ward of Queensberry House, a very pretty example of this 
condition. Tlie patient was a very old man, but usually 
([uiet and inoffensive, sleeping well, and moving about during 
the day, giving no trouble to anyone. When his attack 
came on he was as I have described. The striking feature, 
beyond the manifestations I have mentioned, w-as a remark- 
able contraction of his arteries. The radials, which were 
alwavs suniewliat sclerosed, but of jjood size, with a fair 
volume of blood in Ihem, become reduced by contraction to 
half their ordinary size or even less. The infallible remaly 
for these attacks in this old man was a dose of paraldehyde. 
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If this was given at night he slept quietly, and next morning 
his arteries had returned to their ordinary condition. With 
a few days of very low diet, and sometimes a second dose of 
paraldehyde, he returned to his ordinary condition. No other 
hypnotic or sedative had the effect upon his arteries that 
paraldehyde had, and no other had any beneficial effect upon 
his attacks. This di'ug does not have a corresponding effect 
upon all such casea In other cases the hyj^ertonus which 
leads to the insomnia and restlessness can be counteracted by 
means of laxatives, or by sulphonal, trional, veronal, oi 
phenacetin, or by a combination of two of these. The 
explanation of arterial contraction causing this train of 
symptoms is to be found in the antemia of an enfeebled and 
degenerated brain — the auiemia being due to the vessel 
constriction ; and the symptoms disappear as the constriction 
is removed. 

Case 68. — Mrs. M., ait. 72, who had been for years 
an inmate of Queensberry House. On Sunday, 14th October 
1906, she had a gastric attack, with sickness and vomiting. 
Under treatment these symptoms disappeared, but on Tuesday 
she was mildly delirious, with delusions. On Thm-sday 
morning she had complete aphasia and right hemiplegia ; 
but gave her left hand when asked, and in other ways 
showed she was conscious. She was seen shortly after 
the onset of these symptoms and was ordered erythrol 
tetranitrate. On Friday the dose was increased. She 
rapidly improved, and in the course of a few days regained 
the power of speech to a considerable extent, whilst the 
paralysis of the limbs as steadily passed off Within a fortnight 
she was walking about as fonnerly and speaking distinctly. 

This patient had another attack of delirium in April 1007, 
with sUght motor enfeeblement on the riglit side, while the 
speech became inarticulate. As the result of our former 
exi>erience of her, the bowels were at once freely cleared out, 
and she was given trional at night. She was less restless, 
although she only slept for two or three hours, but the paresis 
was less. She then ^ot thirty mhiinis of iuual(lehyd(% after 
wliich she had a whole nights sleep, and the paresis was 
entirely gone, although the speech, while distinctly improved, 
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was still indistinct. The two following nights she slept 
soundly without a hypnotic. 

As the outcome of observations on this patient, it was 
found that at short intervals she became restless, excited, 
and wakeful during the night. When the first trace of these 
symptoms appeared, she was given two grains of calomel and 
a small dose of castor oil at bedtime, with the result that she 
was quiet and composed the following day. In the month of 
June after this course had been followed for some time, I took 
a haemomanometer observation on the forenoon of the evening 
she was to be given the usual dose, and foimd it 140 mm. 
Hg., and the pulse 72 ; the following forenoon it was 125 mm. 
Hg., and the pulse was 80 and larger. 

On July 24th, 1907, when dressing in the morning, the 
right hand began to shake, and then the whole right side. She 
was at once undressed and put to bed. I saw her soon after, 
and found her in a dazed condition, and not able to answer the 
questions addressed to her. She evidently could not speak ; 
the right arm and leg were paralysed, but both limbs were 
jerking rhythmically. There was no response on the right 
side to tickling the sole of that foot ; but tickling the right 
caused as active a response on the left side as when the left 
sole was tickled. She was given quarter of a grain of erythrol 
tetranitrate every four hours. The next forenoon, as soon as 
I appeared at her bedside, she raised herself into a sitting 
posture, answered questions promptly, and gave me her 
right hand. The nurse informed me that the jerking of 
the limbs ceased soon after the first dose of the erythrol was 
given. Between the 25 th and the 31st the manometer 
pressures seemed to be very erratic, ranging between 140 
and 170 mm. Hg., but finally settled down to about 130. 

This leads to the third group in which paralysis or paresis 
became permanent after having been preceded by " warning 
attacks." 



GROUP III. — PERMANENT PARALYSIS OR PARESIS 
PRECEDED BY "WARNING ATTACKS." 

Case 69. — J. F., let. 72, was seizeil, on 5th February 
1907, with slight paresis of the right side, and of the right 
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side of the face, and slight impairment of speech. He 
completely recovered the power iu the arm and leg, but 
speech continued to be a little bliuTed, and the facial paresis 
persisted. In June he had another attack of feebleness on 
the same side, with a corresponding increase of the difficulty 
in speaking. Even after this second attack he was able to be 
out of bed, could walk across his room, and could articulate 
well enough to be understood. Mentally he was alert and 
cheerful On 6th September he had complete left hemiplegia 
and could not speak a word. In various ways it was seen 
that he was quite conscious. I admitted him to tlie Infirmary 
the same day, and kept him under observation for a fortnight. 
At the end of that time the leg had regained a little power of 
movement, and occasionally he spoke a word or two, but he 
could not answer simple questions. In this condition he is 
likely to remain. The haemomanometer observations made 
on this patient are referred to in previous chapters, so I do 
not repeat them here. 

Case 70. — Mrs. C, let. 77, when returning home in the 
afternoon of 8th February 1907, went into a shop with tlie 
purpose of making a purchase, but could not tell the shopman 
what she wanted. She, however, was able to point to tlie 
article wanted. I saw her the following day, and found that 
she had a very interesting type of aphasia, the details of which 
need not be entered upon here. I admitted her to my ward 
in the Infirmary, where her type of aphasia was demonstrated 
to a number of medical men. For our present purpose it is 
sufficient to say that beyond the speech difficulty there was 
no symptom. There was no paresis of the limbs or face. 
She improved considerably, but there remained a measm-e 
of word difficulty. After a time she moved about as she had 
previously done, and went out freely. On tlie morning of 
the 25th July 1907, slie had got out of l)ed and dressed 
herself as usual, wlien she suddenly felt giddy, and as if she 
were to fall. Slie sat down on a chair, and was licli>ed to 
bed. I saw her about an liour afterwards, and found that slie 
had left hemiplegia, the left side of the face being also 
affected. She was quite sensible, and talked volubly, as was 
her custom. The word defect was not ai>preciably greater. 
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On stroking tfie left sole there was marked dorsiflexion 
of all the toes, while a similar proceeding on the right 
side caused plantar flexion of all the toes. There was no 
loss of sensibility. The pulse was 68, and the arterial 
pressure 185 mm. Hg. Some observations were made by 
means of the hjumomanometer applied in the usual way, and 
also by means of Oliver's hiemodynamometer applied to the 
temporal artery, which was thickened and lent itself to such 
observations. There was a difference of 20 mm. Hg. between 
the two. Some improvement took place in the leg in this 
patient, but beyond that there is nothing to record. 

Case 71. — Mr. II., lut. 57, was seen with Dr. Inkster. 
The history was that sixteen months before I saw him he 
was seized with complete aphasia, w^hen in his office, while at 
the same time ho could not wiite. Although he recoveretl 
sufficiently to return to business, he continued to have a 
difficulty about words and the names of persons. He also had 
occasionally difficulty in waiting — he would write a name 
wrong, know that it was wrong, but could not put it right. 
His speech difficulty was also worse when he felt tired. On 
one occasion he had a definite feeling of weakness in the left 
arm and leg. I saw liim after he had been carefully dieted, 
and had taken iodide of potassium for some time. The radial 
artery was thickened and felt segmented, the brachial felt hard 
and thick, and the hiumomanomoter gave a pressure of 185 
nmi. Hg. He was well nourished with a somewhat florid 
complexion, was said to be a comparatively spare eater and 
temperate in his use of liquor. All his life he had sufTered 
from a " costive habit." 

Case 72. — Mrs. ('., let 08, was admitted to Queensberry 
House, and I saw her on 10th June 1907. The history was 
that tliree years ago she had a fit and lost the iK)wer of speech 
and of llio liglit hand. Slie develojied delusions, and was sent 
to an asvluui, hut was dischar<^e(l in six months. Now and 
again she loses jjower in the ri,L^lit arm jind leg, but she thinks 
she was never so ])owerless as at present. She says that she 
was walking about last week with the help of a stick, and that 
she lost power in the end of the week. The gi*asp of the 
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right hand was feeble, there was weakness 0^ the right leg, 
but she could draw it up and extend it as she lay in bed. 
On the left foot the toe and ankle reflexes were normal to 
stroking the sole, on the right foot there was slight dorai- 
flexion of the big toe, and no movement of the other toes, 
while the ankle reflex was active. The knee jerk was better 
marked on the left side than on the right. On 13th Jime 
she had improved sufficiently to be able to stand ; the sole 
reflex of the right foot was again active; the pulse was 80, 
and the hsemomanometer gave a pressure of 200 mm. Hg. 

On 29th June she was again seized still more seriously 
to all appearance. She was dazed looking and speechless, 
and she could not move the right arm and leg. I ordered 
half a grain of erythrol, which was not repeated, as the patient 
was in such a state of apparent collapse that I was afraid to 
repeat it. In the evening she rallied, for when the nurse 
asked how she was feeling the prompt reply was " fine." The 
following morning when I saw her she was sitting up in bed 
taking breakfast. Speech was rambling, but aa the day passed 
she became more sensible. l*ower gradually returned on the 
right side. She had kept well up to the end of September, 
when this note was written. She is a cheerful, contented 
woman, able to be out of bed daily, and to move about her 
room. There is no impairment of si)eech. She is one of the 
patients in whom the radial artery suggests notliing near the 
pressure of 200 obtained from the brachial. 

GROUP IV. — FATAL CASES OF HEMIPLEGIA. 

This group is confined to fatal cases and in connec- 
tion with them I seek to draw attention to the tendencv 
to regard such cases as due to cerel)ral haemorrhage. This 
tendency extends to the kind of ease illustrated in the 
preceding group. The tendency to diagnose hirmorrhuge 
seems to me to have become much mure widespread amongst 
practitioners than it used to be, and this can only, I presume, 
be attributed to their teachers, for the o])portunities of check- 
ing diagnoses are not large in general practice. I begin tlie 
group with two cases which may be taken as tyjiical of their 
kind, and follow them with other two cases whicli, from tlieir 
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cliuical manifestatioiis, might have beeu held to be cases of 
haemorrhage, did not the post-mortem examination confirm the 
contrary opinion. 

Two Fatal Cases Illustrating the Ordinary View. 

Case 73 was an old gentleman of 71 years whom I saw in 
consultation. He had been seized on the morning of the day 
I saw him with right hemiplegia and aphasia. This occurred 
when he was slowly convalescing from what appeared to have 
been an attack of influenza with bronchopneumonia, so that 
his general condition was low and his circulation poor. The 
loss of power was not accomjmnied by loss of consciousness. 
The pulse when I saw him was soft and the blood-pressure 
low. There was no albumin in the urine. The patient 
became worse in a few days, and died comatose. The ordinary 
view of such a case would be that it began with a haemorrhage, 
small in size, but sufficient while destroying some fibres to press 
upon adjoining ones; and that this initial haemorrhage w^as 
followed by a second and a larger one in a few days. There 
was no post-mortem examination, and so there was no oppor- 
tunity of checking the ordinary clinical opinion in this instance. 
The symptoms, however, closely resembled those in cases 
in which there was softening but no ha*morrhage, as proved 
by post-mortem examination, and I hold that these cases guide 
us as to the nature of the lesion in such cases as this. 

Case 74 was a man aged 28, admitted to the Royal 
Infirmary with left hemiplegia without loss of consciousness. 
He had Ijeen in the Infirmary some mouths previously, and 
was known to have advanced chronic kidney disease. His 
arteries were thick and hard. He was markedly unemic, 
souietinies noisy and talkative, at other times semicomatose or 
drowsy, but lie recognised the Ward Sister, and could give the 
names of relations admitted to see him. In three davs liis 
temperature suddenly shot up to 105" to 106°, he became 
comatose, and died within twenty-four hours. My interpreta- 
tion of the i)lienoniena was that on admission the blood supply 
to the motor strand on the right side had been obstructeil, 
and as his vessels were markedly constricted I leant to the 
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view" of cerebral vessel constriction to explain tlie arredt. 
The blood -pi-essure was 180° by Oliver's hteinomauometer, 
taken about twenty houi-s after treatment had been begtni. 
There was no alleviation of his rnndition save that he became 
IcK* noiHy. The final coma with the great rise in temperatnre 
I attvibutetl to hiemorrhage. This case iu ao far its the main 
cerebral syinptoms were concerned — the hemiplegia without 
li>88 of consciousness ending in profound coma in a few daj-a 
— L'losely corresponded with the main phenomena in Case 73. 
The post-mortem examination here showed a large fresh clot 
in tlie usual region, involving the internal capsule and adjoin- 
ing struclures ; round the clot there was a distinct area ot 
softening. 

In this case the symptoms on admission were referred to 
unemia and to the arreat of blood supply to the motor strand 
in the right hemisphere ; the later symptoms were referred to 
hitmorrhage. In this case also the onlinary view is that an 
initial small hjcmorrhage is followed by a second, larger and 
fatal one. The paralysis without loss of consciouaiiess is, 
however, satisfactorily explained by a local arrest of blood 
supply Bo complete as to lead to rapid softening of the portion 
of brain affectetl, while the later loss of consciousnesB resulted 
from hiemorrhage taking place into the already softened area. 
The appearances at the post-mortem examination warrant this 
contention, for tlie blood clot was quite recent, while there was 
a distinct zone of softened brain tissue round it. A minor 
observation in Oase 76 gives support to this contention. The 
possibility of such a sequence of events has not, so far as I 
know, been hitherto considered, it being assumed that such 
cai*es were cases of bicmoiThage from outKCt to finish. 



L Two Fatal Cases with Softening. 

" Case 75 was a woman, agetl 75, who had been an 
itnnate for many yeara of Queenslierry House. When I saw 
her in the forenoon she had paralysis of the left side of the 
face and of the left arm, she could draw the left leg up a 
little when asked to do so. She was conscious. The pulse 
was 80, and the blood-pressure was 135" to 140". The 
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piralysis had come on in the early hours of the morning, and 
had been preceded by great restlessness. The women who 
occupied the same room volunteered the information that she 
had been ** strange in her mind " for a week past, that she 
" knew nothing," and was " quite vacant." I saw her first on 
the 11th of November, and that afternoon she was put on 
small doses of erythrol tetranitrate, which were continued for 
some days, but was stopped, as there was no diminution in the 
degree of paralysis. On the 17th her face was flushed, her 
temperature was 101", and her radial vessels were relaxed. 
She had slight bronchitis, and during the day her breathing 
seems to have become oppressed, and she died quietly that 
same evening. The post-mortem examination showed a sub- 
cortical area of softening, about the circumference of a florin, 
in the upi)er part of the parietal lobe, posterior to the ascend- 
ing parietal convolution, the grey matter over it being a mere 
film. There was also distinct although moderate softening, 
involving the internal capsule on the same side. There was 
no linemoiThage. The cerebral veins were engorged, .and 
there was a large amount of fluid left in the skull when the 
brain was removed. The kidneys were atrophied and 
granular. 

In this case the possibility of a secondary haemorrhage 
w-as suggested by its presenting a certain resemblance to Case 
74 in the terminal phenomenon of a rise in temperature, and yet 
it was found to be one of pure softening, with such a brain 
ccdema as is frequently found in old people with atrophied 
kidneys. 

Case 76. — Peter M., set 74, was the victim of a 
harmless delusion. On the night of the 9th December 1906, 
he became restless, got out of bed, wandered about the room 
in which he slept, and when I saw him on the morning of the 
10th he was full of delusions. I admitted him to my ward 
in the Infirmary that same day. He was kept in bed and 
was quite quiet, but had a fixed delusion that he had been 
assaulted. On the morning of 15th December he was foimd 
by the nurse to have lost the power of the right side and to 
l.)e speechless. When I saw him at 11.30 a.m., he was lying 
on his back with the eyes open and all the appearance of 
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consciousness ; when siKikcii tn lie iniiile no reply and gavq 
iio aigii of hearing what was Raid to him. The face was not 
paralysH, ami wlioo he yawnetl the lipsnaoved eymmetrically. 
The right arm was not ninvol, while he mnveil the left one 
freely. The right arm was eomewliat i'ij;i(l at the ellK>w and 
shoulder; the forearm was Hexed, and was stniiglitened with 
Bome difficnUy. The fingei-s were not rigid. Sensibility to 
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pinching was absent or much diminished in the right arm, 
but present in the left. He did not move the legs, but when 
they were passively drawn up they remained in that position. 
When pinched he drew them up a little. The I'esprjnse to 
tickling the soles was very active on the left aide, but absent 
oil the right. Tliere was no ankle clonus. Both knee jerks 
were active. He had passed nrine and fieces in bed. There 
was no albumin. The pulse was between 70 and 80 and 
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slightly irregular, the vessel wall was thick, the ha^momanometer 
registered from 180°- 190°. He was put on erythrol tetrd- 
nitrate, and on the 20th iodide of potassium was also given. 
No marked change occurred in the symptoms; on the 21st it 
was noted that he gave his left hand slowly when asked to 
sliake hands. The patient died on the 27th of acute pleurisy, 
with some patches of broncho-pneumonia in the lobe affected 
with the pleurisy. The brain on the left side showed two 
considerable areas of subcortical softening, into one of which 
there was a small recent hicmorrhage ; and a considerable 
area of softening into, and in the neighbourhood of, the lenti- 
cular nucleus. 

In this patient death was the result of a definite inter- 
current acute disease, so that the opportunity was afforded of 
checking the diagnosis of cerebral softening. 

Sections of the brain at two different levels are shown in 
the accompanying figures. The softened areas are shaded. 
In the posterior area marked c there was a recent haemorrhage 
about the size of a hazel nut. This had undoubtedly taken 
place into an area already softened, and tends to strengthen 
my opinion that ^ital haemorrhages may not infrequently be 
due to a primary softening, so that even post-mortem appear- 
ances may be quite misleading unless the possibility 
mentioned is fully recognised. 

GROUP V. — TWO SPECIAL CASES. 

Case 77. — Tem2^orary paresis accomjyanying paroxysms of 
aTtgiim pecfoins, — In this patient, Mrs. M., set. 49, the 
leading feature was the recurrence at intervals of about four 
weeks of symptoms typical of angina pectoris, while the most 
striking phenomenon was the association of left hemiparesis 
with them. She had her first attack of angina pectoris seven 
years before I saw her. During that attack the left arm was 
paralysed, but it regained the greater part of the lost power 
in tw^enty-four hours ; still, she asserts that it has never been 
as strong as the other one since then. The history given to 
me by her medical attendant, Dr. Blackstock of Eskbank, 
was that every few weeks she suflered from angina pectoris; 
tliat when tliis supervened she became hemiplegic ; and that 
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when the anginous attacks were cured the hemiplegia passed off'. 
This corresponded with the history I gathered by questioning 
the patient myself ; but I further ascertained from her that 
even when moving about the house, if she took an anginous 
attack, her left arm became affected, and that she had often 
lost the use of the arm for from twenty minutes to an hour. 
During the two occasions she was under my care in the 
Infirmary she had slight weakness of the left arm and leg, 
and there was also a partial or complete loss of tactile 
sensibility in these limbs. It is not necessary to record here 
all the details of this case, for the important facts are those 
I have given, and it is their interpretation which specially 
concerns me at present. I was fortunate enougli to see this 
patient in a slight anginous attack, and in it there was the 
usual hypertonic contraction of her arteries. The recumug 
and close association of the anginous attacks with recurring 
hemiplegia or brachial monoplegia had been so frequently 
noted, that it seemed to me there was no possible explanation 
of the association but by regarding the abeyance of motor 
power to be due to a temporary lessening or cutting off of 
the blood supply to the motor strand in the brain, the result 
of a spasm contraction of cerebral vessels ; the cerebral vessel 
spasm accompanying the systemic vessel spasm of the 
anginous attack. In this case changes of the kind mentioned 
seem to me a necessity for the explanation of the cliniwd 
phenomena, and it would be most unfortunate if physiologists 
regarded such phenomena as having no bearing upon their 
special department of investigation. Measures directed to the 
improvement of the general vascular condition led to very 
satisfactory results. 

Case 78. — Old-standing right hemiparesis irith temporary 
attack of complete right hemiplegia and ajyhasia. — This ease, 
a man of 58 years, was a jmrtial recovery from an old 
hemiplegia. He was able to walk about and look after 
himself in spite of a disabled right arm and leg. His speech 
was somewhat mumbling, although he could speak so as to be 
understood. I saw him one morning soon after he had so 
completely lost power in his disabled limbs that he could not 
move them, while he had so entirely lost the ix)wer of speech 
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that he could not utter an articulate soimd. He was quite 
conscious, and evidently greatly annoyed at his inability to 
s])eak, or to get out of bed. His vessels were thick and 
contracted, and measures were at once taken for their relaxa- 
tion. He had considerably improved by the following day, 
and two days later he had regained his former power both of 
locomotion and of speech. That the symptoms here were 
due to an interference with the blood supply of the damaged 
area in his brain is, I think, beyond question ; that he woidd 
not so speedily have recovered had the condition been local 
throml)osis is equally beyond question ; while the occurrence 
of vessel constriction reiidily explains tlie loss of power — ^the 
jn-ompt relaxation explaining the speedy recovery. 

GROUP VI. — CHEYNE-STOKES BREATHING WITH THICK 

ARTERIES. 

This C4i8e is interesting, and, taken along with the other 
observations in this chapter, is instructive, although mean- 
wliile it stands by itself. 

Case 70. — E. K., a man age<l 70, had been for a shoit time 

in Queensberry House. It is unnecessary to dwell upon his 

condition l)efore he came under particular observation. In the 

middle of May 1907 he was confined to l)ed with, it was stated, 

ditliculty of breathing. He was given spirit of nitrous ether and 

stramonium tincture. For some days his condition was very 

critical, so bad that the nurse had been summoned several times 

as it was thought he was dead. I saw him on the 28th May, 

when he was stiid to have somewhat improved. His condition 

was, however, still serious : he had marked Cheyne-Stokes 

breathing, the period of apncra lasting for thirty-five seconds, 

tlie iHjriod of breathing for tliirty seconds. This rhythm was 

(luitc regular during the times 1 saw him. The pulse varied 

from 48 to 120 per minute, being very irregular both 

in force and time. On the 29th his pressure was about 

200 nun. Hg., th(5 radial artery was much thickened and 

hard. The heart dulness was in the nipjde line, there were no 

murmurs ; llicre was no albumin in the urine. The breathing 

continued tlie wimc as on the ])revious dav. Tlie pulse was 
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CONTRACnnN OP CEREBRAL ARTERIES 

The observations hy the hreriiomanoniett'r were specially I 
inBtnictive, I was tising the wrist-pad to determine when I 
the brachial artery became necliidod, nud I iint«d that witli the I 
pressure at 180 all the piilae waves were pit-scnt iu tlie radial : ] 
at 100 ouly the large waves seen iu the tmciiiy were present in f 
the radial ; while »t 200 nil waves were HtJippwl. I put him im 1 
half a graiu of erythrol tetranitratc four times in twenty-four 
hours and a mixture contaiuiug squill and iodide of potassium j 
to be taken thrice daily. On May 3l8t I look the tracing J 
(Fig, ao), the first half boinji taken during a jwriod of apntno, J 
the second during a period of deep breathing. After a few | 
days of this treatment great improvement was apparent. I 
The Cheyne-Sutkes breathing sLeadily lost ite special eliaracter, ' 
be slept suuiKlly duriug the idght, and the pul»e t>ecame much I 
more regular. Un June !)th tlie dose of erythrol was reduced | 



I 



Movered ; lin-nioi 



?, Ukrij oD 2ilCli JiiBt wlii^ii [uitL 
loiiieter piciwiire, 200 niTn. Hg. 



to I ^rain four times in twenty-four hours ; and on Jtme XOtll 
it was stopped. The pulse was much more regular in force, 
iind beat alxjut 70 per minute. Notmthstanding the re- 
markable degree of improvement in this patient's condition, 
due undoubtetily to the erythrol, at no time did I get bis 
pressure below 200 mm. Hg. ; and yet that his capillar)- 
circulation was relaxed wasi seen by the iiiay tint of his face 
and lii>B, and that the radial was somewhat softened was felt 
by the finger, I take it that the brachial was not appreciably 
intiueuceil, ituil so the manometer i-eading remained much 
the same as before. On the 26th -lune 1 took the above 
tracing Fig. 30 from the radial artery, lb shows the greiit 
improvement that look place iu tlie pulse, rejjresenting, of 
course, a like improvement in the heart. Tho Obeyne- 
Stokes breathing had absolutely disapi>eared long before this. 
Tlie case was of varied interest, and I am not sure that I 
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CLINICAL PATHOLOGY OF PRECEDING GROUPS 

ever saw so severe a case reectver. The harmi«man«>iDeic-T 
observations were of special interest, as they «> clearly sbctwevl 
that a rise of less than 10 mm. Hg. above 180" pn^vented 
the smaller waves, ?b«»wn in the sfihyinn»^gray»hic iracing. 
reaching the wrist ; while a rifie uf less than 1 mm. more 
obliterated the lanre waves alsc*. 

Since the foTeg^i'ing was written ihis man has had 
another seizure, but as s-n.^n as the svm{»t-«ms apjeared he 
was pnt on eryihr»»l every four hours, aufl un i«.«dide I'f 
potassium and si^uill thrice daily. He was kt-j-t exclusively 
on milk. He made a sjieedy rec»»very, and was a]«le t-» be 
out of l«d and to move ai»c»ut within a f«»rtnii!bt. Tbe 
second attack was und«^»ubte^llv induced l»v the attentions of 
his friends in suj»j»hine a variety of ailditi'^ni- to his onlinary 
plain dietary. 

THE CLINIC.VL PATHOLOGY OF THE PRECEDING 

GROUPS OF CASES. 

Trmsitory and recurring Phenomena. — It is un- 
neoeasary to multi]ily such cases, for if those given camnn 
be made the liasis of a Ci>nvincin<r anrumeut. a lanrer uum)^er 
would not camr convicli«:in- 

m 

The cases I have jriveu .^eem to me to cxmstitule a >erit-s 
of phenomena which are so linker 1 as to form an unbrc'ken 
chain ; and which c-in only ]>e satisfactorily ex|tlaine^l and 
linked on the gn»unds which can n«»w ].«e indicaie«l 

Ulnar Phenomena and Focal Spasm. — Be^rinuing with 

the minor manifestati«»ns, such as those in Gnjup 1., I lielieve 
they are all expb'cable on the assumption that ihey were liue 
to nnwmw of hraln aratjf', (hot (lu loc*'! auautm irQji thi* to 
hypertonic cordrarixon or to ^jMi^m tnTisfrir^ion *•/ tra res^U in 
those areas. Tlie sj«asm of c^rrebral vessels may Imve ]teu an 
aceompauiment of a general h^ijertonic contraction, and in 
some ea-ses it undoul»te«llv was: that jfcueral f*»ntrdcti*jn is 
a necessarv aconjT»anini»rnl is bv no un^mi'- «».'rt^iiii. The 
fact that local 'T limit*-! ait'.'iial s]ia>«ni ha- U.^-n iw-*>jTji-e«l 
in niitrraine has i«*'»rii aii»*vvlv refen-ed to. al'^o ih*.' fict thai 
temporary liX-sil |»^i!aly.-^.'.-« arc known l'» acc'inqwny the 
migrainoius attack. It seems to me that l*xi.'il spasuK-on- 
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CONTRACTION OP CEREBRAL ARTERIES 

striction of cerebral arteries is made clinically certain by these 
observations. But this hypothesis can be supported by other 
clinical facts. I know a medical man who could not drink 
beer l)ecause it gave him migraine ; and lie had further 
observed that the temporal artery on the side of the migraine 
was hard and thick during the attack. Another medical 
man informed me that as a student he discovered that if he 
had poached eggs to breakfast lie had an attack of migraine 
as a consequence. This siime medical man told me that with 
him a migraine was usually accompanied by a certain 
difficulty in getting the right word. Without going further 
afield for evidence of the same kind, I hold that in such 
phenomena we have clear clinical proof that some substances 
(in one case a simple dietetic substance, in another what can 
ordinarily be regarded as a harmless l)everage) act on certain 
persons as poisons, and confine their action to certain nervous 
areas, acting presumably on the blood vessels of the particular 
area affected. Very strong support is given to this view by 
the ocular phenomena which have been noted in severe cases 
of quinine ^x^isoning. Again I am indebted to Mr. E. 
Marcus Gunn for information. He kindly sent me the 
following memorandum : — In severe cases of quinine poisoning 
the ocular symptoms are usually complete or partial blind- 
ness, associated with marked narrowing of the retinal arteries 
and pallor of the optic disca Sometimes at first the 
ophthalmoscopic appearances resemble those present in 
embolism, or thrombosis, of the central artery. As a rule 
recovery takes ])lace, but this is often much delayed. It is 
said that a second attack may be the result of a comparatively 
small dose. Pathologically, in lower animals, no changes 
have been found in the vessels during the first month or so, 
although they are ophthalmoscopically small. After two 
months, the arteries have been found to have thickened walls 
with contracted lumen. 

Here, then, is a substance having, as part of its p(3isonous 
effect, a marked localised effect on the arteries, causing their 
constriction, and ultimately leading to the thickening of their 
walls and diiiiiiiution in their lumen. It is difficult to see 
how we are to get evidence more conclusive than this. 
The vessels inside the brain can never be watched as the 
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retinal vessels can be watched ; but I hold that my series of cases 
requires a similar clinical pathology for their interpretation, 
and few will hesitate to accept the interpretation as a valuable 
and practical working hypothesis in corresix)nding ciises. 

The Special Irritant. — The question of the special irritant, 
when there is merely focal vessel spasm in a brain region, 
can only, so far, be a matter of surmise. Still, even surmise 
may have a practically useful side. My hypothesis is tliat 
the spasm in such cases is caused by local fatigue products, 
or by waste products, so irritating the vessels as to cause 
their constriction. The effect of such products seems to me 
always to be of this nature. Experimentally it is known that 
fatigue products accumulating in muscle prevent its response 
to electrical stimulation. These products can be artificially 
washed out, after which the response to stimulation returns. 
It is, further, a well-known fact that hot bathing is one of tlie 
best means of recovering from a sense of fatigue. The action 
of the hot bath is so to dilate tlie vessels that tlie flow 
through them is faciUtiited and the fatigue products are more 
promptly removed. In migraine whatever relaxes the vessels 
cures the symptoms. 

The Phenomena in Persons with Sclerosed Vessels. — 
There is another aspect of some of the cases with recurring cere- 
bral phenomena which has to be dealt with. In jxirsons with 
sclerosed or atheromatous arteries, my experience is tliat the 
cerebral phenomena are associated with hypertonic contraction 
of systemic vessels. I presume that in tliese cases the 
same cause wliich excites contracticm of systemic vessels is 
operating (m the cerebral vessels — that, in fact, there are 
substances in the blood which are acting directly on both, 
and are therefore not acting through the vasomotor centre. 
Of this association I am fully satisiied ; the only i)oint 
which api^ears to me to be open to question is whether this 
association is usually present in pei-sons with normal vessels. 
My own experience does not allow me to form an opinion on 
this point. When hyi)ertonic contraction is present in the 
systemic vessels, it gives great confidence in jidopting the 
appropriate treatment, while the ha^nionmncMncter ])rovi(les, 
as a rule, a valuable record of the etleet treatment is 
exercising on the vessels. 
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contracti6n of cerebral arteries 

When, along with systemic hypertonic contraction, there 
is paralysis, it can be accounted for by the vessels in the 
particular area of brain affected having undergone greater 
structural alterations than elsewhere. This, however, leads 
now to the consideration of the cases of temporary and per- 
manent paralysis in persons whose arteries are thickened. 

Temporary and Permanent Paralysis in Persons with 

Sclerosed Vessels. 

In Cases 6 8 and 771 have shown how unreasonable, and even 
absurd, it would be to regard the recurring paretic phenomena 
as due either to hiemorrhage or to thrombosis. That multiple 
attacks of temporary paralysis could be caused by an equally 
numerous number of haemorrhages is quite unthinkable, and 
this is also the position as regards thrombosis. The only 
explanation possible is to regard the paretic attacks as due 
to recurring partial arrest of the blood supply to the motor 
strand, and the only conceivable way in which this could be 
brought about is by vessel constriction. The systemic vessels 
showed this constriction, while cerebral vessel constriction 
occurring coincidently would explain the paretic phenomena. 

In Case 78 the rapid recovery from the total paralysis 
seems to me to exclude the idea of either haemorrhage or 
thrombosis having occurred in the already damaged motor 
strand in the brain. Either of these in such a damaged area 
would have inevitably led to a permanent loss of power, and 
yet no such loss resulted. I know of no other way to accoimt 
for the temporary lowering of the circulation in the danu^ed 
area than by assuming that vessel constriction had occurred. 

Looking further at Case 68, I again contend that it is 
most unreasonable to suppose that there was even a small 
haemorrhage into the brain. A small haemorrhage into the 
motor strand would destroy some fibres permanently, a fact 
equally true of thrombosis, unless the collateral circulation 
were very promptly established, which in the brain cannot be 
assumed as likely. The pronounced motor paralysis with 
aphasia must have been due to a partial arrest in the blood 
supply to the great motor strand ; the arrest cannot have 
been complete, for had it been, softening would have taken 
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place rapidly, with a destruction of fibres from which there 
woidd have been no complete recovery. Here again the only 
satisfactory explanation of the complete restoration is found 
in assuming that there was cerebnil vessel constriction 
diminishing blood supply for the time, but pissing off, and 
again permitting the normal nutrition of the affected area. 
In this particular case the paralysis was preceded by a 
I)eriod of restlessness and mild delirium ; such an ujiset of 
brain function as is to be attributed to a disturbance of 
cerebral circulation. The sequence of phenomena is fairly 
common in old people, and is noted in Case 7G also, and is 
an argument in support of my view that the paretic 
phenomena result from tmnsitory vessel changes just as the 
mental phenomena do. Had the focal amemia persisted or 
been complete, softening would assuredly have followed, from 
which there is no restoration. In this case treatment by a 
powerful vaso-dilator was early adopted, and, as has been 
seen, there was rapid recovery on three different occasions. 
The result can hardly have been mere coincidence, that is 
to say, that the patient would have recovered as rapidly had 
no such drug been used. 

In Case 65 such marked improvement followed when 
treatment produced freedom in the capillary circulation, that 
it led one to attribute the improvement in tlie paretic 
phenomena to a like flushing of cerebral vessels. 

In Cases 75 and 70 the softening in the internal capsule 
or its neighbourhood was so mucli less complete than in the 
cortical softened areas, that the possibility of the difference 
being the result of the administration of . the sjime drug 
suggested itself. If any value is to be attached to the 
observations they would, of coui*se, suj)port the view of vessel 
constriction. 

Cerebral vessel constriction, if it leads to com])lete arrest 
of blood supply to any portion of braiu, will inevitably lead 
to softening of tlie area so deprived of nutriment. This 
diminution of blood supply to a local area may be due to 
spasm constriction of the vessels in the partitnilar area ; but 
it may also be explained in imother way. If constriction of 
all tlie cerebral vessels occurred at the same time, those areas 
would sutler most where the lumen of vessels was i)er- 
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niiiDeutly diuiiiiishecl by arteriosclerosis, by atheroma, or by 
obliterating endarteritis. Tliese changes frequently assume 
such proj)ortion8 that a general vessel constriction in the brain 
would deprive the areas, wliere vessels were so afiTected, 
entirely of their blood supj)ly, and this would inevitably lead 
to softening. The three pathologiciil changes mentioned cause 
diminution of lumen, and anv <ijeneral constriction of brain 
vessels would markedly diminish, and might even completely 
arrest the circulation through the vessels so altered. In 
addition to this, the result in some of the vessels would 
certainly be thrombosis, leading to permanent cutting oft' of 
blood supply and inevitable softening. The possibility of 
vessel spasm-contraction leading to thrombosis in sclerosed 
vessels, or in the atheromatous parts of constricted vessels, 
is a new view, and yet it naturally suggests itself when 
constriction is pictured as occurring in vessels which have 
undergone the permanent anatomical changes mentioned, 
llealising this, the occurrence of softening, even after relaxa- 
tion has been induced, is readily explained, on the reasonable 
assumption that constriction had lasted long enough to permit 
of thrombosis. It is not necessary to argue that the con- 
ditions formulated are favourable to thrombosis occurring, 
for they corresix)nd to those generally recognised as 
sufficient to produce tliat condition. 

Softening or Haemorrhage ? 

A further point to l>e considered is the relationship 
between softening and haanoiThage, this iKjing the ques- 
tion raised by the phenomena in Cases 73 and 74. In 
Case 74 we have both clinicid history and post-mortem 
examination to hel]) us to a conclusion. When this patient 
Wius admitted to hosjntal the mental unrest and delirium was 
ura*mic in origin, but was not intense enough to prevent the 
patient recognising people and answering questions when 
directly spoken to — he was not unconscious, and yet he was 
hemi])legic. Active measures were used for the alleviation 
of tlie ura'Hiia, the reduction of blood- pressure, and the 
relaxation of his vessels, the result being that he became 
(|uieter. In the course of three days tlie temi>erature 
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SYMPTOMS DUE TO A FEEBLE CIRCULATION 

abruptly rose, and the patient became comatose, and died 
with s^nnptoms of general brain crmipi-ession. Tlie ordinary ex- 
planation in such cases is that the hemiplegia witliout loss of 
consciousness is due to a small hivmorrhage, while ihe later 
coma is due to a sec^tnd and lanjer bleeilinjr. Chronic kidnev 
disease with marked vessel changes, and high blotxl-pressure 
are common precursoi-s of such cei-ebnil phenomena, and are 
commonly regarded a^^ sutfieient to establish the di«igiu>sis of 
haemorrhage. Tliere is, however another explanation which 
to my mind is more satisfactory in my ctise. It is this, 
namely, tliat the hemiplegia without loss of consciousness 
was due to a focal amumia determineil bv vessel constriction, 
and this led to thromlK)sis, followed bv si^fteninjj. huo 
this softeneil region hicmorrhage occurred in alx^ut thixH? 
days, and of this the patient died There is no doubt that 
the hicmorrhage was a terminal oecuri-eiice in this case, while 
the fact that it showal a zone of definite brain softening 
round it suggests the interpi-etation that the hieniorrhage 
occurred in what was i)rimarily an area of softening. I am 
aware that softening around a hicmorrhage may be secondary, 
but the haemorrhage in this case was too recent to have led 
to the softening. The facts in this c:ise, and the sequence 
in which I place them might be accepted as also applicable 
to Case 73, where there was no post-mortem examination, 
were it not that Case 75 showed a somewhat similar sequence 
of clinical phenomena, and yet there was no haemorrhage, 
only softening, to explain the hemiplegia: while the final 
condition, instead of being due to liicmorrhage, was due to 
venous engorgement and brain fcdema, a couimou seijuence in 
old people who become comatose and have atrophied kidneys 
with weak hearts. 

Symptoms due to a Feeble Circulation. 

The cerebral manifestations dealt with cannot be left with- 
out referring to another cospect of their clinical pat]iolog)\ It 
is a not uncommon exi)erience to see cases whei-e the patient 
h^is found himself to be jniralysed on awaking from sleep ; or the 
nurse or a relative makes tlie discovery. The clinical pathology 
of such cases is, I believe, as follows, — during sleep cardiac 
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action is at its feeblest and the cerebral vessels are contracted. 
If the heart at its best be feeble, and if the cerebral vessels 
are sclerosed or atheromatous, the conditions during sleep 
are just those which would favour a focal antemia which 
might be complete enough to lead to softening. That the 
motor tract suffers so commonly is, I imagine, due to its 
functional activity and to its vessels being most altered. In 
two of my cases the first areas softened were cortical areas, 
followed by softening in the great motor tract. Tliese cases 
are of great importance from the standpoint of prevention, for 
I have seen cases where it appeared to me that fatal results 
have followed upon a vigorously applied reducing line of 
treatment. 

Treatment. 

The practical value of the foregoing contentions is that 
they explain and link together a great number and variety of 
clinical phenomena, the nature of which has been obscure; 
and that they provide a new point of view from which treat- 
ment can be considered. The autonomy of the cerebral 
circulation no doubt introduces a factor which theoretically 
presents a difficulty, for it has to be assumed that the 
condition of the systemic may not represent that of the 
cerebral circulation. In this connection, however, the facjt 
that the condition or composition of the blood affects the 
measure of vessel contraction or tone has to be given a more 
prominent place than it has hitherto been accorded. I have 
submitted a number of clinical observations to show that 
cerebral symptoms coincided with systemic vessel constriction, 
and that the former disappeared when systemic relaxation 
was induced. At the same time, when the autonomous asjiect 
of the cerebral circulation is regarded, it has to be acknow- 
ledged that it would probably be of much therapeutic value 
to have more experimental data than we possess. Meanwhile 
we have to be content with such facts as I have indicated 
in the earlier part of this chapter, adding, however, to 
these the results of cliiiic4il experience with the therapeutic 
measures we have at our di8jx)8iil. 

Of the considerable array of vaso-dilators the one 
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which QsnaUv acts most definitelv and whose action can lie 
most readily maintaineil is ervttm>l t<aranit.raU\ Tbr uso 
of this jM.iweiful dil«U»r has, liowevor, oft<»n to W su]»]hh1-i*<1 
by the administratinu of iliptalis, si]\iill, or stn>)»hanthu^^. 
This is ncc-cssan' when ihe C4»ndiiion of the 1k\u1 is unsiitis- 
factory as re^puxls strength. Tlie estimate of the hl<Hxl- 
pressure within the eonstrieted vessels Kn^onu^ thus of 
first-rate importance. For instance, if a cAse i»f fix'al anaemia 
be mistaken for a haemorrhage and nnlucing me^isures use«l, as 
is not uncommon, these niav only shditlv relax vessels, wliile, 
if the heart be feeble, they lower blocxl-pn^ssuiv so much that 
complete focal blooillessness may he induixnl with its iriv|>arahle 
softening and possibly a secondary hamorrhage. If the con- 
striction has ali*eady led to thromlx»sis, even prompt n>laxatii^n 
will not prevent a measure of softening with its eorresiH>nding 
permanent disablement. This cAunot W always avoiiUnl, hut 
the line of treatment indicated jjromises success in a con- 
siderable pro[x>rtion of cases. Among the dilators which 
I have useil may l>e mentioneil spirit of nitn)us ether, iodide 
of potassium, belhidonna and its alkaloid ati-opiue, stramonium, 
valerian, phenacetin, trional, jiaraldehydc, or comhinations of 
these. There seems to me to be no doubt that when the 
circulation is looked at from the standi>oiiit I have iudic4ited, 
much can be done to prevent the occurrence of the changes 
referred to. When the systemic circidation as judged of by 
the finger and the hiemomau(mieter shows a ready njHi)onHe 
to treatment, the outlook is very favourable; but when 
cerebral symi)tomH occur without corres]M)uding indicatious 
in the systemic system, the particular measures t(» bo adojitcd 
are determined by the geneml estimate formed of the i)atieut*H 
vessels and heart. Measures ciiu be directed to allaying the 
contractile irritabiUty of the cerebral vessels while maintaining 
aH lai-ge a volume of blood from tlie heiirt as posHJble. In no 
other department of practical medicine can so niucli be done 
for the prolongation of life, sometimes of great jiublic vabie, 
and for the protecting of f>eople from the wldnl^ss or unHcry 
of partial cerebral disablement, as can be aceoiiiplisbiMl in 
such cases by a right understiinding of cinulatory i)b(;nnnieiia : 
and I am convinced tluit this understanding has at its foun.Ia- 
tion the recognition of hypertonic contraction of veHsels ; and 
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the separation of this condition from what is called blood- 
pressure. The hypertonus may be present when the ha^mo- 
manometer registei^s 115°, and it may be absent when it 
registers 200 . Sclerosed vessels and atheromatous vessels 
as such are not incompatible with long life, but as soon as 
the factor of hypertonic contraction comes in there is danger. 
Here, as in angina pectoris, the sensitiveness of the vessels 
can be reduced l)y rigidly regulating the diet on the lines I 
have already frequently indicated. 
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CHAPTER XVII 

CONCLUSION 

It seems to me to be desirable as a conclusion to this study 
of arteries and of blootl-pressure to join together the various 
links into such a chain as they form in my mind. The 
value or strength of the individual links will be differently 
appraised by different minds ; and some of the links will 
doubtless yet be strengthened. I have, liowever, no doubt 
they form a chain sufficiently strong to serve as a siife and 
useful clinical guide to those not strongly committed to other 
views. 

To myself the links naturally assume a chronological 
order, — chronological as regards their evolution in my ow^n 
mind, while such an order does not ai>pear to be in any 
considerable sense disadvantageous. 

The first link in the chain is the clinical assurance that 
the tightening up and relaxation of the radial artery is a fact 
of great clinical significance. The second is the correction 
of the common conception that pressure is lieightened inside 
all hypertonically contracted vessels. 

It is indeed imperatively necessary unec[ui vocally to 
separate the two factors of the vessel wall and the contained 
blood. The state of the vessel wall need present no initial 
difficulty ; it is either thickened or not thickened ; if thickened, 
the degree necessarily varies, and varies within wide limits. 
The other point is the blood-pressure inside the vessel. This 
can only be arrived at by putting aside all preconceived ideas 
of what is supposed to happen, or owjht to happen, when vessels 
are thickened. The ([uestion of pressure inside the artery 
has to be approached from the simple stand])oint of o])serva- 
tion made by the cultivated finger. Tliat tlie finger can do 
this is testified to by generations of skilled clinicians taking 
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the pulse as the test of heart power, and if the test of heart 
power, necessarily of. the lilood-pressure inside the vessels. 
This beinf^ so, the controversies as to tlie meaning of the 
words icnsiim and eUisticity are merely of academic interest, 
for they do little or nothing to simj)lify the clinical ix)sition. 
The less involved the question win be made, the more likely 
is the individual judgment to be correct, and in a nieilical 
school the student and future practitioner has to be con- 
sidered. To be able to estimate the pressure inside the 
artery, no matter what the thickness of its wall, is the lesson 
to be learned, and the learning of it is to be kept steadfastly 
in view. That it can be attained is, to my mind, unquestion- 
able. It was never seriously questioned until the wrong 
interpretation of hiemomanometer readings was supjwsed to 
discredit the value of the sense of touch. 

Thickness of the vessel wall is easy to recognise. The 
thickness, as it varies in the twenty-four hours, and in 
ditterent conditions or diseases, is also soon recognised, when 
the fact of its occurrence is deemed worthy of attention. It 
wull then be found that sclerosed vessels as well as normal 
vessels vary in thickness. The thickening wuU be found 
associated with all the causes which have been enumerated, — 
sometimes it is a nervous reflex, more commonly it is the 
result of blood impurity. It is a great step to recognise 
clinically that not only normal but sclerosed vessels tighten 
up and relax, for it at once takes away the conception of 
the rigid tube. 

Having settled these points, the next point is to 
determine what is meant by the diffuse arterio-sclerosis, 
which w^as described as if it were atheroma. The solution 
of this was sought for in the radial artery, as it is the 
condition of that vessel during life which leads to the 
diagnosis of arterio-sclerosis. The changes found in the radial 
and other arteries have been described, and my contention 
was and is, that the condition is not only totally different 
from atheroma, but that the changes in themselves clearly 
indicate their true nature. 

The continued irritative stinmlation of the arterial wall, 
manifested clinically in the sustained or recurring hypertonic 
contraction, leads inevitably to such structural changes as 

192 



CONCLUSION 

have been described. The fact that a fibrous hyperplasia 
of the tunica intima takes place, at once shows that the 
vessel changes are not to be attributed to a mere nerve 
influence, but to the blood itself. The intensity of the 
intimal changes inside the kidneys appear to me to clearly 
indicate the prolonged presence of excrementitious substances 
in the blood seeking an outlet by their usual channel. Here, 
in short, lies the solution of the problems as to renal, 
cardiac, and arterial changes. Long-continued blood con- 
ditions preceded the vascular, cardiac, and renal changes so 
well known. If the kidney itself was the seat of a primary 
inflammation of the subacute type, the blood condition 
necessarily resulting led to the widespread changes of arterio- 
sclerosis and heart hypertrophy. The development of heart 
hypertrophy as a result of the raising of aortic pressure has 
not appeared to me to require to be dealt with here. 

After the recognition of these facts, the problem of blood- 
pressure, as it was estimated by the clinician and thought 
of by the physiologist, presented great difficulty. The 
sphygmograph, the arteriometer, the haemodynamometer of 
Oliver, an occasional use of the Eiva-Rocci sphygmometer, 
did not seem to me to help the solution of the problem. 
The advent of the modifications of the Riva-Rocci instrument 
led to a more sustained use of them, and the results when 
placed alongside the evidence obtained by the sense of touch 
seemed to be hopelessly conflicting. Amongst one's friends 
or colleagues the same conflicting evidence was available; 
some allowed the manometer to supplant their ancient faith 
in the sense of touch, others treated the evidence afforded 
by the instruments with a neglect bordering on contempt 
The same diversity of view seemed to prevail widely. My 
solution of the problem has been presented in the preceding 
chapters. The condition of the arterial wall has been shown 
to be the added factor causing the high haemomanometer 
readings obtained in pathological conditions. The state of 
the arterial wall, and the relation of its thickness to the 
size of the lumen, is detennined not only by permanent 
structural thickening, but by the thickening of hypertonic 
contraction. The steps from hypertonus to sclerosis of 
vessels and arterio-sclerotic granular kidney have been indi- 
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cated; the causes of bypertonus have been examined, and 
it bas been sbown tbat tbe direct influence of tbe blood 
composition upon the vessel wall must hfeve a predominant 
place given to it in this connection. Experimental data 
and all clinical experience are available in support of this 
generalisation. 

I need not add to the length of this monograph by 
adding a special chapter on treatment. In various of the 
preceding chapters I have dealt with treatment and pre- 
vention suflBciently to indicate the lines I follow. I shall 
only repeat that the aim is to prevent hypertonic contrac- 
tion. If the vessels are already sclerosed, the prevention of 
hypertonus will often prevent the loss of the faculties the 
possession of which makes life worth living. To those who 
are well on in life and do not enjoy the readings of the 
haemomanometer, there is abundant solcice available in the 
abandonment of the idea that blood-pressure rises with 
advancing life. Even if arteries are permanently thick, life 
need not be materially shortened if hypertonus be prevented, 
and if steps be taken to allay arterial irritability ; and these 
are undoubtedly within our control. If hypertonic contraction 
be avoided there need be no fear of cerebral haemorrhage as 
life advances. The changing tonus of the thickened vessels 
can be followed by the h(emomanometer, and the records cor- 
rectly interpreted are a valuable guide to prophylaxis. The 
instrument ought, however, to be called the Angiomanometer 
when used as an instrument in clinical pathology, for the 
clinician must recollect that, given thickened vessels, the 
instrument records not blood-pressure, but arterial resist- 
ance. 
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